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1.  INTRODUCTION  AND  SCOPE 

a.  Introduction  -  Volume  II  of  the  Infantry  Weapons 
Methodology  Study  summarizes  findings  concerning  the  testing 
of  antitank  weapon  systems.  Volume  II  is  accompanied  by  four 
appendices  which  are  attached  to  this  document.  Volume  I, 
published  earlier,  was  oriented  towards  small  arms  test 
methodology.  Later  volumes  will  be  published  containing 
summaries  of  progress  in  the  areas  of  40-mm  grenade  launchers, 
machine  guns,  and  indirect  fire  test  methodology. 

b.  Scope  -  The  first  four  years  of  the  methodology  study 
have  been  oriented  primarily  toward  small  arms  test  methodology. 
However,  some  investigations  into  test  methodology  for  other 
Infantry  weapon  systems  have  been  attempted.  These  efforts 
have  been  oriented  toward  scoring  systems  and  target  vehicles. 

The  assumption  .was  that  any  improvement  in  test  methodology, 
particularly  with  reference  to  antitank  (AT)  weapons,  would 
include  investigation  into  improved  scoring  systems  and  reliable 
target  carriers.  The  balance  of  this  report  is  based  primarily 
on  an  understanding  of  the  factors  that  influence  small  arms 

operational  testing  and  the  application,  where  possible,  of _ _ _ 

this  understanding  to  AT  weapon  test  methodology.^This 

report  attempts  to  answer  the  following  four  objectives  with 
respect  to  AT  test  methodology: 

(1)  Determine  those  factors  influencing  the  evaluation 
of  Infantry  weapons  under  realistic  combat  environment. 

(2)  Develop  techniques  and  methods  to  measure  critical 
factors  influencing  weapon  evaluation, 

(3)  Isolate  those  factors  which  are  subjective,  involving 
judgement  and  experience,  and  which  are  not  amenable  to  measurement 
*from  those  which  are,  and  establish  the  relative  importance  of  eacl ij 

(4)  Develop  automated  test  facilities  which  will  permit 
operational  testing  with  a  minimum  of  maintenance  and  technical 
support. 

2.  BACKGROUND 

a.  Purpose  of  the  Renort  -  The  purpose  of  this  report  is  to 
summarize,  under  a  sinr'  «,  cover,  efforts  and  findings  concerning 
AT  test  methodology  which  has  been  performed  with  contractual 
support  provided  by  the  Mellonics  Division  of  Litton  Industries, 

Inc,,  Contract  Number  18-68-C-0004. 


b.  Chronology  -  The  major  events  concerning  the  AT  Methodology 
study  appear  below.  Unless  otherwise  mentioned,  reference  to  each 
major  event  will  be  found  in  ;:he  monthly  progress  reports,  which 
appear  in  Appendix  XI,  Volume  I. 

Jul  66  -  Directive  (Volume  I,  Appendix  I) 

Aug  67  -  Contractual  Support  Begins 

Oct  67  -  Evaluation  of  Moving  Man  Target  System 

Oct  67  -  Antenna  Radiation  Pattern  Test  for  Moving 
Target  Data  Link 

Jan  68  -  Tone  Control  Added  to  Radio  Data  Link 

Mar  68  -  Initial  Design  of  Moving  Man  Target,  MTV-200 

Jan  69  -  Contract  for  First  MTV-200 

Jun  69  -  Survey  of  Existing  AT  Targets 

Aug  69  -  Technical  Memorandum  -  Honeycomb  Antitank 
Target  Hit  Skin  (Appendix  IV) 

Sep  69  -  Technical  Support  for  LAW  Test 

Jan  70  -  Project  Analysis  for  AT  Test  Range  (Appendix  I) 

Jan  70  -  Technical  Data  package  for  AT  Moving  Target 

Jul  70  -  Antitank  Project  Review  (Appendix  II) 

Sep  70  -  Contract  Let  for  AT  Target  Carriers 

Nov  70  -  Project  Analysis  -  Antitank  Weapons  Test 
Methodology  (Appendix  III) 

Nov  70  -  Support  for  FLASH 

Dec  70  -  MTV- 300  AT  Target  Delivered  and  Tested 

Jan  71  -  Improved  Data  Link  Developed 

Jan  71  -  Technical  Data  Package  for  AT  Data  Link 
Completed 

Apr  71  -  MTV-400  Delivered  and  Tested 
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3 .  EXECUTIVE  SUMMARY 

As  indicated  by  the  chronology  of  events,  the  primary  effort 
to  date  has  been  in  problem  definition,  data  link,  hit  skin 
development,  and  in  the  design  and  construction  of  moving  target 
systems. 

The  problem  definition  phase  began  with  the  initial  project 
analysis  which  defined  test  facility  parameters.  This  was 
followed  by  the  project  review  which  analyzed  combat  tasks  and 
actions  in  terms  of  dependent  variables.  The  third  publication, 
Project  Analysis  -  Antitank  Test  Methodology,  attempted  to 
define  influencing  variables  that  are  a  part  of  .operational 
testing  of  AT  weapon  systems;  the  result  of  this  effort  is 
discussed  under  Technical  Objectives  1  thru  3. 

The  result  of  the  initial  effort  in  examining  AT  scoring 
systems  was  the  adaptation  of  a  material  formerly  used  for 
aerial  targets  to  AT  targets.  The  material  is  light,  strong, 
honeycomb,  resin  impregnated,  cardboard  material.  The 
honeycomb  construction  permits  the  material  to  absorb  severe 
punishment  such  as  large  holes  with  a  minimum  loss  of  rigidity. 
By  applying  foil  layers  to  the  exterior  surfaces,  an  electronic 
scoring  system  can  be  used.  Early  tests  in  1969  showed  that 
the  target  material  could  score  both  the  spotting  round  and  the 
main  round  of  a  106-mm  recoilless  rifle.  Heretofore,  the 
characteristics  of  the  ,50-cal  and  106-mm  rounds  were  such 
that  they  previously  could  not  be  scored  with  the  same  target 
material.  The  strength  and  ruggedness  of  this  material  makes 
this  possible.  The  development  and  detailed  description  of 
this  material  is  recorded  in  a  technical  memorandum.  Appendix 
IV. 

The  moving  target  data  link  available  for  use  on  AT 
'targets  is  the  same  unit  that  is  used  on  the  moving  man  target. 

Lastly,  two  new  antitank  target  carrier  systems  have  been 
developed.  The  moving  target  vehicle-300  (MTV-300)  is  capable 
of  carrying  a  7V  x  16*  silhouette  at  controlled  speeds  from 
10  to  25  miles  per  hour.  Precise  replications  to  within  5- 
percent  speed  variation  (1  mile  per  hour  at  20  miles  per  hour) 
is  within  the  capabilities  of  the  system.  The  target  system 
was  patterned  after  the  MTV-200  target  which  was  designed  for 
the  small  arms  test  facilities.  In  addition,  a  high  speed  AT 
target  (MTV-400)  capable  of  reliably  controlled  speeds  from 
25  to  50  miles  per  hour  was  designed  and. constructed.  These 
two  units  add  significantly  to  the  United  States  Army  Infantry 
Board  (USAIB)  AT  weapon  testing  capability. 


All  of  the  above  developments  have  been  complicated  by  the 
varying  characteristics  of  AT  weapons.  Automatic  scoring  of 
both  hits  and  near  misses,  as  well  as  testing  techniques  and 
methodology  have  been  difficult  to  accomplish.  The  muzzle 
blast,  flight  time,  launch  characteristics,  weight,  projectile 
size  and  configuration  vary  severely  from  conventional  systems 
(such  as  the  recoilless  rifle  family)  to  missile  systems 
(such  as  the  TOW,  ENTAC,  SS-11,  DRAGON,  SHILLELAGH).  Also, 
there  is  a  variety  of  warheads  to  consider:  inert,  sabot, 
shaped  charged.  These  varying  characteristics  make  instru¬ 
mentation  in  terms  of  automatic  scoring  extremely  difficult. 

The  extreme  ranges  of  these  weapons  also  require  significant 
sums  of  money  for  data  links,  either  radio  or  wire.  Consequently, 
the  need  for  automation  has  been  critically  reviewed.  The  conclu¬ 
sions  appear  below* 

(»)  Visual  scoring  will  be  used  for  normal  testing  since  AT 
weapons  normally  have  slow  rates  of  fire  and  large  terminal  effects 
(holes  in  targets).  Automatic  scoring  with  the  honeycomb  hit 
sensitive  target  material  with  the  Joanell  signal  conditioning 
unit  will  be  used  for  special  systems  requiring  automatic  scoring, 
such  as  the  50- cal  spotting  round  or  the  VULCAN  in  an  AT  role. 
Stationary  targets  will  use  coaxial  cable  data  links,  and  moving 
targets  will  use  the  transmitter  developed  for  use  on  the  MTV-200. 
Recording  can  be  done  either  by  oscillograph  or  ADPE. 

(b  )  Miss  distance,  if  required,  for  hypersonic  projectiles 
will  be  collected  with  the  current  time  difference  system;  sub¬ 
sonic  missiles  will  use  photographic  methods.  High  speed  cameras 
with  telescppic  lenses  can  be  used  or  cinephototheodolites  can 
be  borrowed  from  other  agencies  and  used.  Other  methods  of  scor¬ 
ing  near  misses  (e.g.  radar,  light  screen,  radio  active  projec¬ 
tile)  were  considered;  these  methods  were  rejected  because  of 
Implementation  costs  and  technical  complexity. 

(c )  Current  moving  and  stationary  target  carriers  are  ade¬ 
quate  and  represent  the  state  of  the  art  in  terras  of  reliability 
and  performance.  Possible  future  improvements  include  the 
addition  of  3-^inendional  targets. 

Ihe  knowledge  gained  from  the  operational  evaluation  of  small 
arms  and  antiaircraft  weapon  systems  indicates  that  other  factors 
must  be  considered  in  the  evaluation  of  AT  weapon  systems.  These 
factors  include  crew  proficiency,  crew  motivation,  terrain,  and 
means  of  weapon  employment .  These  variables  specifically  influenc¬ 
ing  the  operational  testing  of  AT  weapon  systems  are  discussed  in 
paragraph  4,  Technical  Objectives. 

\ 

Since  there  was  considerable'  carry-over  of  methodology 
and  instrumentation  development  from  other  parts  of  the 


methodology  study,  it  is  difficult  to  estimate  the  manpower 
that  has  been  expended  in  support  of  the  AT  portion  of  the 
study.  Field  testing  of  the  hit  skin  has  consumed  a  total 
of  1  man-month  of  time,  as  has  laboratory  development  of 
special  purpose  signal  condition  to  support  field  testing. 

The  preparation  of  the  project  review  and  two  project  analyses 
required  approximately  5  man-months.  Development  of  the  moving 
target  system  required  approximately  8  man-months  of  contractor 
time,  which  was  devoted  primarily  to  feasibility  studies 
determining  plausible  routes  of  approach,  e.g.,  hydraulic 
powered  mechanisms,  radio  control  systems,  mechanical  lifting 
apparatus.  Excluding  carry-over  knowledge  and  experience 
from  the  small  arms  methodology  study,  approximately  15 
man-months  of  the  current  program  has  been  oriented  directly 
toward  the  antitank  methodology  study. 

The  initial  project  analysis  in  Appendix  I  contains  a 
glossary,  references,  and  a  PERT  chart  showing  the  major 
tasks  associated  with  AT  methodology.  The  chart  represents 
the  original  schedule  of  events  and  therefore  Includes  a 
field  experiment  as  part  of  the  methodology  study.  This 
step  was  eliminated  in  order  to  expand  the  Infantry  Weapons 
Methodology  Study  into  other  specific  areas  such  as  machine 
gun  and  40-mm  grenade  methodology.  Lessons  learned  during 
the  operational  evaluation  of  small  arms  concerning  factors 
influencing  operational  testing  have  been  applied  to  the  AT 
methodology  study  in  lieu  of  the  formal  field  experiment. 

The  results  of  this  analysis  appear  in  sections  4  through  6. 

4.  TECHNICAL  OBJECTIVES 

The  support  contract  for  the  Infantry  Board  Methodology 
study  specifically  states  that  four  technical  objectives  will 
be  focused  on  during  the  study.  The  efforts  and  findings  in 
pursuing  each  of  these  objectives  appear  in  the  appropriate 
paragraphs. 

a.  Technical  Objective  1. 

(1)  Introduction  -  The  determination  of  factors  influencing 
the  evaluation  of  antitank  weapons  in  a  realistic  combat 
environment  is  discussed  in  the  project  review  and  the  project 
analyses.  The  second  project  analysis,  Antitank  Weapons  Test 
Methodology  (App  III),  specifically  addresses  the  major  factors 
influencing  operational  testing.  No  field  experiment  was  run 
to  test  scientifically  the  assumptions  outlined  in  that  analysis. 
However,  field  experimentation  oriented  to  the  operational  testing 
of  other  weapon  systems  plus  previous  work  in  the  AT  area  at 


other  agencies  testify  that  the  'following  factors  are  indeed 
important  in  AT  weapon  evaluations: 


(a)  Selection  of  Measures  of  Effectiveness 

(b)  Human  Factors  ~  Sampling,  Motivation,  and  Stress 

(c)  Training 

(d)  Terrain 

(e)  Threat 

( f)  , .  Vulnerability 

Each  of  these  critical  factors  should  be  an  integral  part  of 
operational  testing. 

(2)  Weapon  Evaluation  -  USAIB  personnel  reveiwed  the  actions 
of  a  wide  variety  of  AT  weapon  systems.  By  combining  actions 
with  similar  characteristics,  the  25  combat  actions  considered 
were  reduced  to  a  representative  list  of  seven: 

Deliberate  Defense 

Hasty  Defense 

Retrograde  Operations 

Fire  and  Movement 

Tank  Killer  Operations 

Combat  in  Cities 

Advance  to  Contact 

Next,  these  actions  were  analyzed  in  terms  of  individual  tasks. 
Using  the  task/action  table  on  page  C -2  in  the  Infantry  Weapons 
Antitank  Methodology  Review  (Appendix  II),  a  list  of  tasks  was 
derived.  These  tasks  must  be  performed  to  complete  the  actions 
mentioned  above: 

Long  Range  Aimed  Fire 

Medium  Range  Aimed  Fire 

Short  Range  Aimed  Fire 

Rapid  Movement  -  Rapid  Fire 

Rapid  Reaction  to  Suitable  Targets 
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Although  other  tasks  are  discussed,  the  five  shown  here  are 
representative  of  the  tasks  which  must  be  done  by  the  weapon 
crew  to  perform  the  seven  combat  actions.  These  are  the  critical 
tasks  that  must  be  considered  during  operational  service  test. 

The  next  step  was  to  select  or  develop  measures  of  effectiveness 
(MOE)  and  test  techniques  which  will  provide  information  on  the 
weapon  system's  capability  to  perform  these  basic  combat  tasks. 

These  MOE  and  techniques  are  described  under  objective  2. 

(3)  Human  Factors  -  There  are  many  human  factors  that  must 
be  considered  in  operational  testing.  The  basic  critical  factors 
are  soldier  selection,  motivation,  and  stress. 

Statistical  considerations  dictate  that  care  should  be  used 
in  selecting  test  soldiers  for  participation  in  operational  service 
testing.  The  objective  of  the  service  test  is  to  predict  the 
weapon  system  performance  levels  that  can  be  expected  under  combat 
conditions.  The  goal  of  the  service  test  is  to  select  the  most 
effective  weapon  system  for  use  in  the  combat  environment. 
Generalization  of  results  from  the  test  situation  to  the  combat 
situation  is  a  necessary  step  and  the  validity  of  this  generalization 
is  directly  dependent  on  the  fact  that  factors  influencing  the  combat 
performance  of  a  weapon  system  must  be  present  during  the  service 
test.  One  of  the  most  important  factors  is  a  representative 
sample  of  test  soldiers.  The  use  of  soldiers  that  are  atypical, 
or  the  use  of  technical  representatives  during  the  measurement 
of  performance  under  test  conditions,  will  not  permit  generalization 
of  results  to  the  combat  environment.  The  use  of  sample  sizes 
that  are  too  small  will  result  in  the  inability  to  reach  statistically 
conclusive  results. 

Once  a  representative  sample  has  been  selected  from  the  parent 
population  a  second  human  characteristic  must  be  considered.  The 
test  soldier  must  be  adequately  motivated  to  produce  a  level  of 
performance  that  could  normally  be  expected  under  combat  conditions. 
Again,  without  adequate  motivation  generalization  of  results 
becomes  extremely  risky. 

The  third  human  factor  is  combat  stress.  This  factor  is  the 
most  difficult  and  possibly  the  most  important  human  factor 
in  the  combat  environment.  The  effects  of  stress  on  behavior 
have  been  shown  to  produce  results  that  vary  widely  from  individual 
to  individual.  Adequate  consideration  of  this  factor  in  the 
service  test  situation  becomes  extremely  difficult  and  yet  its 
importance  cannot  be  denied.  Rifles  found  on  Civil  War  battlefields 
were  discovered  to  contain  repeated  charges  of  powder  and  ball. 
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This  indicated  that  the  soldiers -repeatedly  loaded  and  fired 
their  weapons  during  the  heat  of  combat,  but  the  weapons 
actually  failed  to  discharge.  This  shows  that  the  soldier 
performed  as  trained,  but  did  not  realize  that  he  actually 
was  not  firing. 

Methods  and  techniques  for  consideration  of  these  factors 
are  discussed  under  objective  2. 

(4)  Training  -  This  important  factor  is  a  big  problem 
in  operational  testing,  especially  when  test  weapons  are  of 
a  type  that  fire  comparatively  few  rounds.  The  importance  of 
training  can  be  illustrated  from  findings  concerning  the  small 
arms  portion  of  the  methodology  study.  In  1965,  attack 
experiment  I  was  completed  on  the  newly  developed  attack  facility. 
Although  objective  methods  were  used  to  balance  groups  of  test 
soldiers  on  their  marksmanship  ability  and  special  training 
sessions  were  held,  one  rifle  was  decidedly  superior.  The  superior 
rifle  was  the  inventory  rifle  on  which  test  soldiers  received  basic 
training,  advanced  Infantry  training,  and  annual  qualification. 

In  1968,  a  second  study  was  run  on  the  newly  developed  quickfire 
facility.  By  this  time  training  on  the  two  test  rifles  had 
equalized.  The  rifles  were  very  close  in  terms  of  performance. 

In  1970,  Defense  Experiment  I  was  completed  using  the  same 
weapons  with  balanced  groups  of  test  soldiers  and  special  training 
sessions.  Again,  the  rifle  in  current  usage  throughout  the  Army 
tested  as  the  superior  weapon.  However,  it  was  the  inferior 
rifle  in  the  initial  test.  Test  soldiers  were  quizzed  to  determine 
the  extent  to  which  they  were  familiar  with  the  two  rifles.  Of 
the  72  test  soldiers,  only  one  had  fired  the  MI4  rifle  in  combat 
prior  to  the  defense  experimentation;  56  of  the  test  soldiers  used 
the  M16  in  combat.  These  results  show  that  training  is  a 
significant  source  of  bias  against  a  new  weapon  system. 

How  do  these  findings  relate  to  AT  weapon  evaluation?  The 
answer  is  significantly,  perhaps  the  most  significant  factor.  The 
average  AT  crew  or  gunner  fires  comparatively  few  rounds  when 
compared  to  the  Infantry  rifleman.  Therefore,  training  can  be 
expected  to  have  an  even  greater  impact  than  in  small  arms  evaluation. 
For  example,  suppose  AT  test  were  being  run  equating  the  106  RR 
with  the  ENTAC  wire  guided  missile.  Suppose  the  training  literature 
recommends  that  106  crews  fire  8  rounds  during  the  basic  weapon 
training  cycle  and  that  an  ENTAC  gunner  fires  2  missiles.  At  the 
conclusion  of  the  training  cycle  each  of  these  weapon  systems  is 
considered  equally  combat  trained.  Suppose  now  that  the  hit 
probabilities  are  known  for  groups  of  trainees  and  they  appear  as 
shown  in  Figure  1. 
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HYPOTHETIC  COMPARISON  OF  AT  CREW/GUNNER 
LEVEL  OF  PERFORMANCE 

Figure  1 

The  curves  show  a  comparative  performance  level  at  the 
conclusion  of  basic  AT  weapon  training.  However,  due  to  cost  and 
perhaps  other  practical  considerations,  the  true  potential  is  not 
known.  The  plots  show  a  leveling  of  performance  with  the  106  RR. 

The  two  points  on  the  ENTAC  curve  show  almost  nothing  concerning 
what  can  be  expected  from  the  next  round.  Round  3  may  be  identical 
to  round  2;  may  extend  outvard  in  a  straight  line;  may  improve  its 
performance  exponentially;  or,  more  likely,  may  fall  in  between. 

Perhaps  the  answer  is  to  use  more  rounds  in  training  gunners 
for  USAIB  tests  to  insure  that  performance  has  peaked.  Suppose 
this  were  done  and  the  magic  number  was  10.  After  ten  missiles 
gunners  do  not  tend  to  improve  performance.  Now  the  question 
must  be  answered  as  to  how  many  rounds  does  a  gunner  fire  in  combat? 
The  average  may  be  three.  How  can  we  justify  evaluating  weapon 
performance  with  gunners  who  have  fired  10  rounds  in  service  test 
training  to  insure  peak  performance  when  the  average  gunner  would 
rarely  fire  that  many  in  training  and  combat  combined?  This  is 
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a  major  dilemma  in  operational  testing.  When  is  a  gunner  trained 
to  the  extent  he  would  ordinarily  be  trained  in  combat,  and  how 
do  you  get  gunners  to  this  level  without  biasing  test  results?  The 
discussion  under  objective  2  attempts  to  answer  the  question  of  how 
to  account  for  this  factor  in  the  operational  performance  evaluation 
of  AT  weapon  systems. 

(5)  Terrain  -  Analysis  of  terrain  indicates  that  since  terrain 
affects  target  acquisition  ability,  target  exposure  time  and  speeds, 
and  the  ranges  at  which  acquisition  and  engagement  take  place,  it 
does  have  an  impact  on  weapon  evaluation.  The  manner  in  which  the 
crew  or  firer  interfaces  with  the  weapon's  sighting  mechanism  or 
control  mechanism,  in  the  case  of  missile  systems,  is  dependent 

on  the  manner  in  which  the  firer  perceives  the  target  and  the  area 
in  his  field  of  view.  The  combat  tasks,  such  as  long  range  aimed 
fire,  are  dependent  on  the  accuracy  of  estimation  of  the  range 
distance  to  the  target.  If  the  target  is  moving,  lead  angle 
estimation  must  be  made.  Target  size  affects  range  estimation  and 
target  size  is  equated  with  surrounding  terrain  features,  such  as 
prominent  land  marks,  buildings  or  trees,  to  determine  range.  All 
these  factors  are  considered  part  of  the  terrain  and  hence  terrain 
should  be  an  important  factor  in  operational  testing. 

(6)  Vulnerability  -  Another  influencing  factor  is  the 
vulnerability  of  competing  weapon  systems  to  enemy  fire.  The 
amount  of  the  weapon  exposed,  the  weapon  signature,  and  the 
duration  of  exposure  are  critical  characteristics  in  estimating 
vulnerability.  Weapon  hardness  and  whether  or  not  tracking  of 
the  target  during  projectile  flight  is  required  are  other 
considerations.  The  measures  necessary  to  quantify  this  and  other 
characteristics  discussed  in  the  previous  paragraphs  are  discussed 
under  Technical  Objective  2,  which  addresses  measures  of  effectiveness. 

b.  Technical  Objective  2 

(1)  Introduction  -  The  second  objective  of  the  methodology  study 
was  to  develop  techniques  and  methods  for  measuring  critical  factors 
influencing  weapon  evaluation.  This  objective  included  the  development 
of  appropriate  statistical  sampling  methods,  experimental  design 
techniques,  and  analytical  techniques.  The  paragraphs  below  discuss 
these  efforts  in  relation  to  the  critical  factors  associated  with 
the  AT  weapons  system  evaluation  described  in  objective  1.  The 
instrumentation  systems  developed  to  gather  data  in  real  time  will 
be  discussed  under  objective  4. 
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(2)  Weapon  Performance  Evaluation 

The  methodology  review  yielded  five  combat  tasks  that  are 
required  of  AT  weapon  systems  to  accomplish  the  basic  combat 
actions.  In  addition,  the  methodology  review  specified  31 
measures  of  effectiveness  that  are  available  to  furnish  data 
for  the  combat  tasks.  (See  Figure  2 ) 

Not  all  the  MOE  in  the  figure  are  recommended  for  use. 

The  small  arms  portion  of  the  methodology  study  indicated  some 
redundancy  in  the  list  of  measures.  Further,  some  of  the  measures 
are  not  measures  per  se  but  are  characteristics  of  weapon  systems, 
e.g.,  mount  stability.  Measures  are  required  to  quantify  such 
characteristics.  The  paragraphs  that  follow  describe  each  combat 
task;  recommendations  as  to  which  MOE  are  best  associated  with 
each  task  are  made. 

(a)  Long  Range  Aimed  Fire  -  Several  MOE  are  required  to 
describe  this  characteristic  of  AT  weapons.  The  basic  MOE 
used  to  estimate  accuracy  is  hit  probability  (P^) .  This  MOE 
should  be  supported  as  necessary,  by  several  other  measures. 

The  rationale  for  each  MOE  follows:  The  basic  measure  (p^ 
reflects  the  weapon  systems  ability  to  achieve  hits  on  targets, 
given  that  a  tactically  realistic  target  has  been  acquired  and 
engaged.  However,  since  AT  rounds  are  expensive  and  generally 
available  in  limited  numbers  for  testing,  a  sufficient  number 
may  not  be  available  for  reliable  P^  estimation.  The  second 
measure,  miss  distance,  will  provide  round  to  round  dispersion 
data  and  can  be  of  value  in  estimating  Ph  when  other  constraints 
prohibit  the  use  of  P^  directly.  When  AT  weapons  under  comparative 
testing  differ  widely  in  characteristics,  other  hit  probability 
measures  must  be  used.  For  example,  the  single  shot  P^  for  the 
106  RR  may  be  .5  at  a  given  range  while  a  missile  system  has  a 
P^  of  .8  at  the  same  range.  This  would  indicate  that  the  missile 
system  is  superior  to  the  106  RR.  However,  during  the  time  it 
takes  to  guide  the  missile  to  the  target  the  106  RR  crew  may  be 
able  to  fire  three  rounds  each  with  a  P^  of  .5  resulting  in  an 
engagement  hit  probability  (Pe)  of  .87,  assuming  independence 
between  rounds. 

Pe  =  I"  (0*  (.5)°(.5)3  -  .87 

Comparison  of  engagement  hit  probabilities  in  this  example  shows  almost 
no  difference  in  accuracy.  This  measure  accounts  for  the  fact 
that  the  effectiveness  of  long  range  fire  is  dependent  on  the 
number  of  rounds  a  weapon  system  can  dispatch  during  the  period 
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Number  of  Hits 

Distribution  of  Near  Misses 

Engagement  Hit  Probability 

Probability  of  a  First  Round  Hit 

Time  to  First  Round 

Time  to  Reload 

Time  to  First  Hit 

Time  to  Prepare  to  Fire 

Time  Between  Rounds 

Time  to  Shift  Fire 

Time  Between  Hits. 

Sight  Manipulation1  Time 

Hits  Per  pound 

Time  to  C-lear  Malfunction 

Number  of  Rounds  Between  Malfunctions 

Ease  of  Handling 

Movement  Time 

Preparation  of  Position  (Emplacement) 

Compatibility  with  Ancillary  Equipment 

Maneuverability  in  Changing  Positions  or  Crossing  Obstacles 

Time  to  Dismount/Remount 

Crew  Training  Requirements 

Ability  to  Engage  Moving  Targets 

Sound  Level  of  Muzzle/Back  Blast 

Obscuration  of  Target 

Visual  Light  Emission 

IR  Light  Emission 

Ability  to  Operate  After  Extended  Movement 
Breakage  in  Operation  Environment 
Mount  Stability 

Stability  After  Changing  Positions 


MEASURES  OF  EFFECTIVENESS 
Figure  2 
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the  target  is  in  view.  To  prevent  bias  against  one  of  the  weapons 
being  evaluated  it  is  extremely  important  to  insure  that  target 
in-view  time  (exposure  time)  .is  tactically  realistic.  This  factor 
is  treated  further  in  paragraph  (6),  Threat. 

Since  the  in-view  time  selected  by  the  test  officer  represents 
only  an  average  in-view  time  for  the  terrain  and  range  selected, 
a  fourth  MOE  is  required:  time  to  first  hit.  This  places  a 
premium  on  the  weapon  systems  responsiveness,  placing  extra 
value  on  the  ability  to  achieve  a  hit  in  less  time.  Regardless 
of  the  appropriateness  of  the  target  exposure  time,  the  decision 
maker  will  have  information  regarding  the  weapon's  responsiveness, 
which  in  turn  can  be  defined  as  a  measure  of  time  required  to 
acquire  a  sight  picture,  estimate  range,  launch  and  guide, 
recover  and  reload. 

Since  AT  weapons  systems  do  differ  widely  in  characteristics, 
some  measure  of  sustainability  should  be  a  part  of  the  decision 
criteria.  The  measure  of  sustainability  that  should  be  included 
is  the  percent  of  basic  load  in  terms  of  number  and  weight 
required  to  achieve  a  hit.  Again,  the  decision  maker  should 
know,  for  instance,  whether  a  hit  probability  of  .8  for  each 
round  of  weapon  system  is  represented  by  a  single  round  in  the 
system's  basic  load  or  3  rounds  in  the  basic  load.  Finally, 
an  estimate  of  vulnerability  of  the  candidate  weapons  is 
necessary.  The  MOE  suggested  is  a  vulnerability  factor  which 
is  related  to  the  probability  of  being  detected  during  the 
engagement  and  should  be  expressed  as  a  function  of  the 
physical  area  of  the  weapon  exposed,  duration  of  exposure, 
and  weapon  signature.  This  measure  is  discussed  in  detail  in 
paragraph  (7),  Vulnerability.  Although  other  MOE  may  be 
needed,  dependent  on  the  characteristics  of  the  test  weapon 
or  ammunition,  7  MOE  are  required  to  provide  data  on  the 
Long  Range  Aimed  Fire  task: 

First  Round  Hit  .Probability- 

Engagement  Hit  Probability 

Miss  Distance 

Time  to  First  Hit 

Percent  of  Basic  Load  per  Hit 

Vulnerability  Factor 

Hits  Per  Pound 


(b)  Medium  Range  Aimed  Fire  -  The  six  MOE  mentioned  above 
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will  provide  the  decision  base  for  this  combat  task. 

(c)  Short  Range  Aimed  Fire  -  Again,  the  six  MOE  mentioned 
above  will  provide  the  decision  base  for  this  combat  task,  although 
miss  distance  will  be  of  less  importance  at  short  ranges  when 

Ph  and  Pe  get  larger. 

(d)  Rapid  Movement  -  Rapid  Fire  -  Most  of  these  MOE  are 
from  the  responsiveness  category.  Time  to  first  round  measures 
begin  when  the  target  comes  into  view  and  terminate  with  the  first 
round  fired.  The  measure  should  be  collected  under  two  conditions 
for  targets  of  opportunity,  while  the  weapon  system  is  moving 

and  xdiile  the  weapon  system  is  stationary.  If  ADP  is  used  for 
target  control,  this  measure  can  be  collected  automatically  using 
the  target  up/start  command  and  the  round  count  which  provides  time 
each  round  is  fired.  The  firing  of  subsequent  rounds  of  the  same 
engagement  will  provide  the  next  responsiveness  MOE,  time  to  reload. 
These  data  are  provided  by  the  round  count  system.  Portability  is 
another  category  of  effectiveness  that  must  be  considered.  The  two  MOE 
are  movement  speed  and  time  to  emplace.  These  measures  provide 
an  estimate  of  the  weapon  mobility  characteristics,  an  important 
factor  on  the  battlefield.  In  summary,  the  following  MOE  are 
required  in  addition  to  the  six  previously  mentioned  measures: 

Time  to  First  Round 

Time  to  Reload 

Movement  Time  (speed) 

Emplacement  Time 

(e)  Rapid  Reaction  to  Suitable  Targets  -  Two  measures  are 
required  to  quantify  this  task;  time  to  prepare  to  fire  and  time 
to  shift  fire.  Positioning  of  the  missile  launch  tubes  from  the 
carrier  to  a  launching  position  is  an  example  of  the  set  up  activity. 
Set  up  time  should  weigh  in  the  decision  process  since  long 
preparation  time  will  reduce  the  ability  of  the  system  to  engage 
targets  of  opportunity.  Further,  the  ability  to  engage  different 
targets  rapidly  should  be  a  consideration.  Enemy  armor  can  be 
expected  to  appear  in  numbers  which  places  a  premium  on  the  ability 
to  shift  rapidly  as  targets  move  in  and  out  of  view.  Time  to 

shift  fires  should  be  expressed  in  terms  of  the  angle  by  which 

the  targets  ate  separated.  The  two  additional  measures  required  are: 


Percent  of  Targets  Engaged 

Time  to  shift  Fire 

(f)  Reliability  Measures  -  Other  measures  that  must  be 
considered,  although  they  are  independent  of  a  particular  combat 
task,  are  reliability  measures.  These  measures  will  permit  the 
calculation  of  other  usable  measures  such  as  probability  that  the 
weapon  will  fire  properly  with  each  trigger  pull.  This  information 
should  be  part  of  the  decision  base.  Two  measures  are  recommended: 

Time  to  Clear  Malfunctions 

Number  of  Rounds  between  Malfunctions 

(g)  Other  MOE  that  appear  in  figure  2  and  are  not  specifically 
mentioned  above  must  also  be  considered.  These  MOE  ore  less  suited 
to  objective "measurement  (e.g.  ease  of  handling)  or  are  redundant 
with  other  measures  (e.g.  number  of  hits).  Most  of  these  MOE  are 
concerned  with  stability,  durability  and  signature  effects.  These 
will  be  discussed  under  objective  3* 

(3)  Human  Factors 

This  section  describes  the  methodology  that  has  been  developed 
in  relation  to  the  three  critical  variables  associated  with  human 
factors:  sampling,  motivation,  and  stress. 

(a)  Sampling  -  Statistically  sound  sampling  methods  have 
been  used  throughout  the  methodology  study  to  insure  adequate, 
representative  samples  of  test  soldiers.  These  methods  are 
discussed  in  a  technical  memorandum  which  appears  in  Volume  I, 
Appendix  VI.  The  techniques  for  estimating  sample  size  and  for 
selecting  representative  test  soldiers  generally  apply  to  the  AT 
portion  of  the  methodology  study.  However,  there  are  some  special 
considerations.  These  considerations  are  directly  associated  with 
the  training  of  test  soldiers  for  AT  weapon  evaluation  and  the 
transfer  effect  associated  with  training  on  one  AT  weapon  system 
during  advanced  Infantry  basic  training  and  being  selected  as  a 
member  of  a  test  crew  for  participation  in  the  service  test  of 
other  AT  weapons.  This  problem  is  discussed  in  paragraph  (4), 
Training. 

(b)  Motivation  -  Crew  motivation,  although  critical  to 
operational  testing,  should  not  be  a  difficult  factor  to  include. 
Because  of  the  expense  of  AT  weapons  and  munitions,  crews  during 
training  tend  to  spend  long  hours  in  such  activities  as  dry  firing, 
displacement,  road  marching,  weapon  disassembly  practice,  and 
cleaning  and  caring  for  the  weapon.  Relatively  little  live  firing 
is  done.  Consequently,  the  problem  of  motivating  a  crew  under 
live  fire  conditions  is  slight.  The  opportunity  to  engage 


realistic  targets  with  live  rounds  or  missiles  is  sufficient 
motivation  providing  consideration  is  given  to  basic  needs.  Such 
MOE  as  time  to  prepare  to  fire  or  emplace  weapon  should  be  used 
to  compare  performance  of  the  various  test  soldiers  or  crews. 
Particularly  sluggish  performance  that  is  consistently  observed 
for  one  or  two  soldiers  or  crews  should  be  investigated  by  the 
test  officer  to  determine  the  cause.  The  cause  may  be  due  to  a  lack 
of  motivation  or  some  factor  such  as  stability  of  a  particular  weapon 
mount.  The  specific  cause  should  be  determined  and  noted.  This 
factor  may  be  useful  to  the  statisticians  in  explaining  outliers 
in  the  data  base  which  can  cause  difficulty  in  the  analysis. 


(c)  Stress  -  Little  is  known  concerning  the  quantification 
of  stress  caused  by  being  in  the  combat  zone  or  under  fire.  It 
is  felt  that  current  stress  substitutes,  such  as  sleep  deprivation 
and  fatigue,  are  not  adequate.  These  substitutes  tend  to  impact 
negatively  on  motivation,  lowering  its  level  somewhat.  Combat 
stress  is  more  likely  to  increase  motivation  or  to  remove  the 
individual  from  the  fire  fight  entirely,  depending  on  the  constitution 
of  the  individual  involved.  The  stressed  individual  who  becomes 
suppressed  by  incoming  fire  is  likely  to  be  ineffective  under  any 
circumstance  and  hence  should  not  be  a  consideration  in  weapon 
design,  employment,  or  testing.  Design  parameters  and  test 
parameters  should  be  oriented  to  the  highly  motivated  individual 
who  remains  in  the  battle.  Therefore,  stress  substitutes  should 
not  be  considered  in  operational  testing,  at  least  until  more  knowledge 
concerning  stress  effect  is  available.  The  aim  is  to  keep  motivation 
high  and  to  induce  as  much  realism  as  possible  into  the  situation. 

The  time  pressure  of  limited  target  view  time  is  an  example  of 
operational  realism  that  should  make  the  test  soldier  try  harder. 

This  is  not  a  stress  substitute,  but  a  realistic  type  of  stress, 

(4)  Training  -  Closely  related  to  human  factors  is  the  training 
factor,  which  was  found  to  be  an  influencing  factor  in  AT  weapon 
evaluation.  It  is  difficult  to  achieve  in  a  service  test  the  level 
of  training  that  a  combat  soldier  would  have  prior  to  being 
committed  to  combat  with  his  weapon  system.  A  test  soldier 
selected  to  use  the  weapon  to  be  evaluated  may  have  received 
training  on  other  AT  weapon  systems  which  have  a  negative  transfer 
value.  In  other  words,  previous  training  will  influence  the  test 
soldier  to  perform  more  poorly  than  if  he  had  no  training  at  all. 

If  a  positive  transfer  takes  place,  test  results  can  still  be 
biased  since  soldiers  selected  to  train  on  the  new  weapon  system, 
after  it  is  accepted,  may  not  have  had  the  same  prior  experience. 

Over- training  can  cause  problems  since  the  test  soldiers  may  be 
able  to  use  their  skill  to  overcome  weapon  deficiencies;  this 
would  not  occur  during  wartime  when  time  constraints  tend  to 
accelerate  training  cycles.  The  recommended  means  of  accounting 
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for  training  as  an  influencing  factor  is  the  use  of  a  model. 
Experience  gained  during  the  methodology  study  indicates  that  a 
performance  level  model  could  be  incorporated  into  the  analysis  of 
comparative  performance  as  new  weapons  are  compared  to  standard 
weapons.  The  model  would  require  the  following  inputs:  number  of 
rounds  available  for  USAIB  test,  number  of  rounds  that  will  normally 
be  fired  by  crew/ gunner  during  normal  training,  the  average 
estimated  number  of  rounds  that  would  be  fired  by  a  single  crew/ 
gunner  during  the  combat  life  of  the  weapon  system.  These  inputs 
are  summarized  below. 

(a)  Total  Rounds  Available  (Tn) 

(b.)  Number  of  firings  during  service  training  (Rt) 

(c)  Average  number  of  firings  in  combat  (Rc) 

Using  these  inputs,  the  model  would  first  produce  the  following 
recommendations : 

Rt  +  Rc  =  No  of  Rounds  per  Crew/Gunner 

This  is  the  number  of  rounds  that  is  to  be  fired  by  each  test 
soldier/crew  selected  during  the  service  test.  The  number  of 
crews  is  also  determined  by  the  model 

_ Tn _  =  No,  of  Test  soldiers/ crews 

Rt  +  Rc 

Standard  statistical  procedures  should  be  applied  to  determine  if 
the  resulting  sample  size  in  terms  of  crews/gunners  is  deemed 
sufficient.  If  the  number  of  crews/gunners  is  insufficient,  more 
test  rounds  should  be  procured.  If  this  is  not  possible,  which  will 
often  be  the  case  with  new  weapon  systems,  past  test  experience 
dictates  that  evaluation  be  made  using  the  number  of  crews/gunners 
available  within  the  ammunition  constraints  rather  than  reducing 
the  number  of  rounds  per  crew/gunner.  More  valid  information 
will  be  gleaned  from  testing  a  few  properly  trained  weapon 
systems  than  from  testing  larger  numbers  of  inadequately  trained 
weapon  systems.  In  one  case,  .the  results  may  suffer  from  lack 
of  sample  size  since  insufficient  sample  size  will  increase  the 
probability  of  making  a  statistical  error,  namely  type  II  error. 

In  the  other  case,  with  more  but  inadequately  trained  crews,  the 
validity  of  the  test  is  in  doubt.  If  the  validity  of  the  test  is 
in  doubt,  there  is  grave,  nonquantifiable  risk  of  making  an  error 
in  judgment  concerning  the  effectiveness  of  the  weapon  system 
on  the  battlefield.  This  problem  of  sample  size  is  discussed 
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further  in  Section  G,  Test  Methodology. 

It  is  entirely  feasible  that  the  AT  weapon  system  will  consist 
of  a  single  Infantryman  who  perhaps  fires  one  missile  in 
Advanced  Infantry  Training  and  carries  one  missile  into  combat. 

If  the  test  weapon  is  intended  to  be  used  in  this  manner,  the  USAIB 
operational  service  test  should  follow  the  same  pattern.  If  20 
missiles  are  available  for  testing,  ten  soldier/weapon  systems 
should  be  used,  each  man  firing  one  training  round  and  each 
firing  one  record  round. 

After  the  number  of  potential  crews/gunners  slots  is  known,  the 
next  step  is  to  select  soldiers  to  fill  these  slots.  Again  the 
significance  or  prior  training  as  an  influencing  factor  is  so  strong 
that  the  selection  of  personnel  without  previous  AT  weapon  experience 
is  dictated.  Normal  qualifications  such  as  the  requirement  for 
special  knowledge,  aptitutes,  qualification  test  scores  should 
be  applied  to  the  man  power  pool  to  eliminate  those  personnel 
who  would  not  qualify  for  a  normal  AT  training  course.  From 
the  population  remaining,  random  selections  techniques  should 
be  used  to  fill  slots  for  both  the  test  item  and  the  standard. 

The  training  courses  should  be  written  and  developed  uniquely  for 
the  weapons  being  tested  to  produce  the  best  qualified  weapon 
systems  possible  regardless  of  weapon  type.  The  number  of  rounds 
normally  allotted  to  training  should  be  used  by  each  weapon 
system.  For  instance,  if  the  106  RR  is  to  be  the  standard,  then 
the  crews  should  receive  all  pertinent  training  prescribed  in 
the  appropriate  106  RR  training  literature  (ATC,  FM  TM,  etc.). 

If  one  of  the  weapons  is  a  missile  system,  apprqpriate  training 
methods,  patterned  after  other  similar  AT  missile  systems, 
should  be  used.  After  training  the  weapon  systems  are  ready 
to  be  used  in  the  operational  service  test.  The  number  of 
available  weapons  systems  and  the  number  of  rounds  available 
for  each  system  will  determine  the  number  of  cells  in  the  test 
design.  The  development  of  the  test  design  is  discussed  in 
paragraph  5,  Test  Facility  Concepts, 

(5)  Terrain  -  Analysis  of  terrain  indicates  that  since 
terrain  affects  target  acquisition  ability  and  ranges  at  which 
acquisition  takes  place,  it  does  impact  on  weapon  system  evaluation. 
With  conventional  weapon  systems,  performance  is  extremely 
dependent  on  range.  Experience  with  guided  missile  systems 
indicates  that  range  dependence  exists  but  with  less  impact 
than  with  conventional  weapon  systems.  The  estimation  of  range 
is  an  important  factor  and  hence  terrain  should  be  an  important 
consideration  in  operational  testing. 


The  effects  of  terrain  on  the  task  of  engaging  an  enemy 
target  are  intuitively  understood  although  no  objective  means 
for  quantifying  the  impact  of  terrain  on  weapon  system  evaluation 
has  been  developed.  It  is  suggested  that  terrain  be  treated  as 
motivation  was  treated,  that  is,  incorporate  the  effects  into 
the  test  situation  as  naturally  as  possible.  Testing  should 
not  be  done  in  a  flat,  entirely  open  terrain  in  which  range 
estimation  becomes  difficult.  The  terrain  should 
have  natural  features  and  characteristics  common  to  the 
environment  in  which  the  weapon  system  is  intended  for  use. 

In  the  temperate  zone,  these  characteristics  would  include 
trees,  ditches,  clumps  of  bushes,  fences,  and  buildings.  A 
battlefield  will  possibly  have  shell  holes,  wrecked  or  destroyed 
equipment,  smoke  plumes,  and  perhaps  prepared  positions. 

Any  of  these  characteristics  assist  in  providing  reference  points 
for  range  estimation.  Terrain  itself  does  not  appear  to  be  too 
important  providing  it  is  representative  and  not  too  sterile. 

The  recommendation  is  to  insure  that  the  test  facility  is  not 
an  open,  flat,  known  distance  type  of  firing  range.  Make  sure  that 
natural  reference  points  exist  in  the  impact  area  which  can  be 
used  either  consciously  or  subconsciously  by  the  crew/gunner  of 
the  weapon. 

(6)  Threat  -  This  influencing  factor  needs  no  special  attention 
other  than  attempting  to  make  target  behavior  as  realistic  as 
possible.  Typical  in  view  times  and  movement  speeds  should  be 
determined  experimentally  by  using  live  targets  and  troops  on 

the  test  terrain.  The  test  targets  should  then  be  programmed  as 
closely  as  possible  to  simulate  the  actions  of  the  attacking 
force.  The  measures  that  should  be  used  in  gaging  these  actions 
are  exposure  times,  amount  of  exposed  areas,  and  speeds. 

Target  size  is  also  important.  The  effects  of  scaled-down 
targets  on  speed  estimation,  lead  angle,  and  optical  tracking 
ability  are  not  well  understood.  Target  sizes  approximating  enemy 
vehicles  eliminates  potential  problems  due  to  scaling  effects. 
Therefore,  full  scale  targets  are  recommended.  Target  instrumentation 
which  will  assist  in  filling  this  test  need  is  discussed  under 
objective  4. 

(7)  Vulnerability  -  Efforts  should  be  made  by  the  test  officer 
to  compare  the  exposed  areas,  exposed  times,  and  weapon  signatures 
of  competing  weapon  systems  in  order  to  express  vulnerability  in 
relative  terms  for  weapon  evaluation.  No  special  instrumentation 
is  required  since  the  exposed  area  can  be  expressed  in  general 
terms  which  are  adequate  for  use  in  the  simple  vulnerability  model 
described  below.  The  model  will  assist  in  quantitatively 
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influencing  factors  that  contribute  to  the  detection  of  weapon 
systems  by  the  enemy.  The  model  does  not  yield  a  probability  of 
detection,  per  se,  but  does  produce  an  adequate  substitute  for 
decision  purposes. 

Since  the  three  functions  of  vulnerability  (area  exposed, 
time  exposed,  signature)  represent  three  measurement  scales 
(meters,  time,  amount  of  smoke/ flash/ sound)  they  cannot  be 
used  directly  as  interval  scales.  For  example,  does  one  square 
meter  of  exposed  area  equal  3  seconds  of  exposure  time?  Since 
we  cannot  weight  the  three  scales  against  each  other,  a  ratio 
model  is  recommended  of  the  type: 
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Where  A,  B,  &  C  are  numbers  for  the  area,  time  and  signature 
(X,Y,Z)  and  a,b,c  are  the  order  of  importance  as  determined  by 
the  test  officer.  If  all  three  are  considered  equally  important, 
each  may  be  set  equal  to  1.  For  the  purpose  of  this  analysis,  it 
is  assumed  that  weapon  signature  is  most  important  and,  consequently, 
c  will  be  assigned  a  value  of  3.  Exposure  time  is  considered  the 
second  most  important  factor  and  is  set  equal  to  2.  The  least 
important  factor  is  area  exposed  (a)  which  is  set  equal  to  1. 

To  use  this, model,  the  test  officer  estimates  the  amount  of  area 
exposed  while  performing  a  combat  task,  e.  g.,  long  range  aimed 
fire.  The  area  my  be  expressed  in  any  suitable  measure,  feet, 
meters,  or  with  such  terms  as  Weapon  A  has  three  times 
more  area  exposed  than  weapon  B.  This  technique  is  permitted 
since  the  scales  (X,Y,Z)  of  the  model  are  cancelled  out. 


( Alx  j a 

(V\ c 

\A2  X/ 

\b2y  / 

\c2zj 

becomes: 

/*  V 

/B]\b 

(°1) c 
V  C2  / 

vs/ 

wi 

The  exposed  area  is  substituted  for  the  A  values;  the  exposed 
time  is  substituted  for  the  B  values;  and,  signature  size  for  C 
values.  Again,  the  signature  can  be  expressed  in  terms  of 
"twice  the  noise  (2:1),  or  twice  the  flash  (4:1).”  The  signature 
can  be  expressed  on  a  scale  from  1  to  5.  where  3  represents  the 
standard  weapon;  any  suitable  number  can  be  selected  for  the  test 
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weapon.  Using  the  ratio  model,  the  model  is  not  sensitive  to  the 
size  of  the  numbers.  Scales  will  not  affect  the  result.  This 
modeling  system  was  developed  by  P.  A.  Bridgeman  and  ar  ears 
in  his  book,  Dimensional  Analysis,  (New  Haven,  Yale  University  Press, 
1922,  P  21-22).  If  vulnerability  varies  from  combat  tasks  to 
combat  task,  the  above  procedure  can  be  used  to  combine  tasks. 

The  model  is  expanded  until  all  tasks  are  included. 
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If  tasks  can  be  ranked  in  order  of  importance  in 
environment,  this  can  be  included  in  the  model, 
numbers  represent  increasing  importance: 

5  3  2 
Long  range  Medium  range  Rapid 

Armed  fire  armed  fire  Movement 


*  Vulnerability 
Li. 
the  combat 
The  larger 


nth  Combat  Task 


*  Vulnerability 

This  model  does  not  represent  the  probability  of  being 
detected,  but  since  it  incorporates  the  influencing  factors  in 
weapon  detection,  it  is  directly  related.  The  use  of  the  model 
will  permit  inclusion  of  these  factors  in  the  decision  process. 


c.  Technical  Objective  3 

(1)  Introduction  -  This  objective  is  concerned  with  influencing 
factors  that  are  subjective  in  nature  and  hence  are  not  easily 
quantified.  The  Antitank  Project  Review  isolates  8  categories 
of  measures  of  ef fectivenesst 


Accuracy 

Responsiveness 

Sustainability 

Reliability 

Signature  Effects 

Portability  and  Compatibility 

Durability 

Stability 
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Of  these  the  first  five  categories  are  adequately  accounted 
for  objectively  by  the  measures  of  effectiveness  recommended  under 
objective  2.  Ir-  addition,  portability  (mobility)  is  accounted 
for  by  MOE  reflecting  movement  speed  and  dismount  and  set  up 
times.  Compatibility  problems  are  isolated  by  MOE  such  as  time 
to  reload  and  time  to  first  rounds,  but  causes  of  longer  time 
periods  must  be  identified  by  observation.  These  causes  can  be 
attributed  to  man/veapon  interface  problems,  such  as  smoke  or- 
haze  from  firing,  or  to  difficulty  with  some  aspect  of  the 
weapon  mount,  such  as  ammunition  storage  (compatibility),  or 
to  one  of  the  other  categories  of  effectiveness:  durability 
or  stability.  Therefore,  although  measures  exist  for  isolating 
problem  areas  operationally,  the  cause  and  effect  relationship 
is  largely  subjective.  Several  potential  problem  areas  are 
discussed  below  by  category. 

(2)  Compatibility  -  The  subject  areas  delineated  below 
represent  some  of  the  specific,  potential  problem  areas  concerning 
compatibility  between  the  weapon  and  the  crew,  the  weapon  and  the 
mount,  and  the  crew  and  the  mount  or  platform.  The  measure  time 
between  rounds  is  an  excellent  MOE  for  isolating  the  existence  of 
a  compatibility  problem. 

Location  and  use  of  optical  sights 

Traversing  or  tracking  mechanism 

Vibration  from  movement  or  recoil 

Backblast 

Target  obscuration  from  smoke  or  haze 
Loading 

Ammunition  storage 

Weight  of  ammunition  or  components 

Interference  between  crew  members 

(3)  Stability  -  Stability  problems  can  be  isolated  with  2  MOE: 
time  to  first  round  and  round  hit  probability.  Potential  problems 
with  stability  include: 

Recoil  absorption 


Ability  to  relay 
Effects  of  slope 
Effects  of  wet  soil 


Effects  of  sandy  soil 
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(4)  Durability  -  Potential  problems  with  durability  include: 

Weapon  support  mounts 

Weapon  recoil  mechanism 

Firing  mechanism 

Sighting  mechanism 

Vehicle  carrier/weapon  platform 

(5)  Order  of  Operational  Importance 

From  an  operational  standpoint  the  order  of  importance  of 
these  subjectively  evaluated  factors  can  be  determined  logically. 

The  most  severe  weapon  system  problem  areas  are  those  which  render 
the  weapon  ineffective  on  the  battlefield.  From  an  operational 
standpoint,  these  problems  are  as  effective  as  a  firepower  kill. 
These  failures  are  by  nature  associated  with  the  durability  of  the 
weapon  system.  Durability  problems  can  render  the  weapon  completely 
ineffective  and,  in  fact,  can  turn  the  weapon  into  a  liability, 
a  crew  that  needs  protection,  a  carrier  that  should  be  destroyed 
or  evacuated. 

The  next  most  important  subjective  evaluation  area  is  that  of 
stability.  An  unstable  firing  platform  on  which  the  crew  is 
unable  to  cope  with  recoil  or  rapid  displacement  will  severely 
reduce  the  system's  combat  effectiveness.  This  contributes 
directly  to  a  reduction  of  battlefield  effectiveness. 

The  last  category,  in  terms  of  relative  importance,  is 
compatibility.  The  effects  of  shortcomings  in  design,  vibration, 
etc.,  can  be  at  least  partially  overcome  by  training  and  desire 
on  the  part  of  the  crew.  Any  shortcomings  may  contribute  to 
reduced  effectiveness  but  should  not,  in  general,  reduce 
effectiveness  as  much  as  stability  or  durability. 

d.  '  Technical  Objective  4  - 

(1)  Introduction  -  This  section  summarises  the  efforts  to 
develop  test  facilities  and  instrumentation  that  will  permit 
operational  field  testing  of  AT  weapon  systems  with  a  minimum 
of  maintenance  and  technical  support.  The  development  of 
instrumentation  subsystems  for  use  on  AT  ranges  has  been 
oriented  in  two  areas:  moving  target  carriers  -and  automatic 
scoring  techniques.  Other  subsystems  such  as  miss  distance 
indicators,  round  count  sensors,  and  radio  data  links  developed 
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for  small  arms  evaluation  also  have  value  in  AT  weapon  evaluation. 

(2)  Hit  Sensing  System  -  The  testing  of  large  caliber 
projectiles  or  missiles  will  normally  entail  the  firing  of  just 
a  few  rounds,  which  can  be  scored  visually.  Under. these  conditions 
no  automatic  scoring  system  is  required.  Scoring  simply 
consists  of  keeping  track  of  each  round  fired  by  each  weapon/ crew 
as  a  function  cf  time,  target  velocity,  light  and  wind  conditions, 
range,  target  size,  and  whether  or  not  the  round  hit  the  target. 

For  smaller  caliber  weapons  in  which  the  terminal  effects 
of  the  round  are  not  readily  visible,  or  in  which  high  firing 
rates  are  used,  an  automatic  system  may  be  required.  Tests 
with  the  honeycomb  hit  skin  were  successful,  indicating  that  the 
hit  scoring  material  with  appropriate  signal  conditioning  may 
be  used.  Stationary  targets  may  use  either  wire  or  radio  data 
links;  moving  targets  will  require  radio  data  link.  A  complete 
description  of  the  honeycomb  hit  scoring  material  appears  in 
Appendix  IV.  Basically,  the  material  has  many  advantages 
including  low  cost  and  its  firm  yet  brittle  structure.  This 
last  characteristic  permits  the  AT  round  to  punch  out  very 
clean  holes  as  it  passes  through  causing  relatively  little 
damage.  Scoring  is  accomplished  by  placing  aluminum  foil 
or  screen  over  the  exterior  surfaces  in  such  a  manner  that 
the  front  and  rear  surfaces  do  not  contact  each  other.  A 
potential  is  placed  across  the  two  foils.  The  projectile 
passing  through  creates  a  temporary  short  causing  the  potential 
to  drop.  The  drop  in  potential  is  sensed  and  a  hit  pulse  is 
produced  and  sent  to  the  recorder  or  ADP.  The  Joanell  signal 
conditioner  currently  on  hand  is  adequate  for  the  scoring  system. 
The  oscillograph  or  ASPS  can  be  used  as  a  recorder. 

In  addition,  a  vibration  sensitive  crystal  accelerameter 
has  been  tested  with  the  honeycomb  foil  as  a  hit  scorer.  Initial 
tests  indicated  that  the  accelerameter  scorer  is  feasible.  Some 
difficulty  was  experienced  due  to  target  motion  which  caused  the 
accelerameter  to  trigger  intermittently.  It  was  felt  that  this 
problem  could  be  eliminated  with  noise  suppressing  circuitry. 

No  signal  conditioning  is  currently  available. 

Finally,  a  strain  gage  sensing  system  was  studied  but  not 
field  tested.  The  results  of  the  evaluation  of  this  concept 
were  positive,  indicating  some  potential  as  a  scoring  system. 

Both  the  accelerameter  and  strain  gage  will  be  sensitive  to 
the  amount  of  impact,  hence  the  size  of  the  projectile.  As  the 
round  gets  smaller,  sensing  becomes  increasingly  difficult.  The 
electrical  system  appears  to  be  less  dependent  on  projectile  size. 
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The  projectile,  however,  must  be  long  enough  to  span  the  distance 
between  the  electrically  charged  layers.  The  minimum  size  with 
the  present  system  is  the  .50-caliber  projectile. 

All  of  the  hit  sensing  systems  mentioned  above  should  include 
the  capability  of  igniting  a  pyrotechnique  device  to  insure  that 
the  gunner  is  aware  that  a  hit  has  occurred.  Such  a  capability 
ttill  not  be  necessary  except  for  small  caliber  or  low  signature 
rounds  in  which  the  occurrence  of  a  hit  may  not  be  visible  to  the 
gunner/ crew. 

(3)  Target  Carriers  -  Three  target  carriers  have  been  developed 
at  the  USAIB  for  tank  type  targets:  a  stationary  pop-up,  and  inter¬ 
mediate  speed  (10-25  raph),  and  a  high  speed  (35  mph). 

The  pop-up  unit  is  of  a  simple,  reliable  design  that  uses  a 
released  counter  weight  as  an  activating  mechanism.  It  is  reset 
manually.  Modifications  are  underway  to  design  an  automatic  reset 
capability. 

The  intermediate  speed  (MTV-300)  tank  type  target  is  capable  of 
carrying  a  7i*  x  15*  panel  at  speeds  uo  to  25  mph.  The  unit  is  based 
on  the  design  of  the  personnel  target  used  on  the  small  arms  facility. 
The  unit  consists  of  a  set  of  tracks  in  a  straight  line  up  to  2,000 
feet  long.  Power  is  proviled  viu  a  continuous  cable  from  the  drive 
unit  to  the  carrying  vehicle.  The  system  has  a  full  cycle  capability; 
that  is,  once  started,  the  carrier  will  travel  the  length  of  the 
track,  stop,  and  return  to  the  starting  position  automatically.  The 
main  drive  unit  is  powered  by  a  220-volt,  5-HP  electric  motor. 

The  high  speed  target  unit  (MTV-4-OO)  uses  the  same  track  as  the 
MTV-300,  but  employs  a  self-propelled  carrier  vehicle  to  achieve  the 
desired  speeds.  The  length  of  track  is  basically  unlimited  and  con¬ 
trolled  speeds  to  35  mph  are  possible  according  to  design  specifica¬ 
tions.  The  unit  has  been  tested  and  found  operable  at  speeds  to  50 
mph.  It  is  powered  by  a  25-HP  industrial  gasoline  engine  and  has 
full  cycle  automatic  control. 

(4)  Data  Link  -  The  basic  data  link  is  identical  to  the  moving 
man  target  data  link  with  approximately  2-watt  output  at  a  frequency 
of  86  megacycles.  The  transmitter  is  crystal  controlled,  using  a 
modulated  tone.  It  is  capable  of  transmitting  a  single  channel  of 
information  and  is  normally  used  to  carry  hit  data.  The  receiver  is 
a  Nehmes-Clark  PM  unit  and  is  connected  to  signal  conditioning  which 
in  turn  can  be  used  with  ADP  or  other  recording  media. 

The  date,  link  is  equipped  with  a  pulse  coded  system  which 
severely  reduces  the  probability  of  recording  noise  signals  as 
data.  A  hit  is  preconditioned  into  a  short  series  of  precisely 
spaced  pulses  of  specified  width  and  amplitude.  This  series  must 
appear  at  the  decoder  unit  before  the  appropriate  hit  pulse  is 
sent  to  the  recorder.  This  prevents  extraneous  pulses  from 
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such  sources  as  antenna  noise  and  electrostatic  interference 
from  being  interpreted  as  a  hit. 

USAIB  also  has  on  hand  two  5-channel  IRIG  telemetry  transmitters. 
These  were  designed  to  carry  one  channel  of  hit  information  and 
four  channels  of  miss  distance  information.  The  receiver  mentioned 
above  is  used  witn  a  set  of  discriminators  to  reduce  the  composite 
signal  into  its  five  component  channels.  The  system  has  not  been 
tested  on  the  new  target  systems. 

(5)  Round  Count  -  The  round  count  system  normally  used  for 
small  arms  is  available  for  use  with  Weapons.  Transducer  signal 
conditioning  may  have  to  be  developed  to  insure  compatibility 

with  the  various  types  of  AT  weapons  if  the  audio  signature  is 
of  low  amplitude.  Virtually  all  AT  weapons  have  some  audio 
signature  upon  trigger  pull  that  can  be  used  by  the  system. 

The  transducer  can  feed  the  ADP  or  a  recorder  with  appropriate 
signal  conditioning  as  necessary. 

(6)  Miss  Distance  -  If  miss  distance  is  required,  the 

standard  time  difference  system  (TDMDI)  will  suffice  for 
supersonic  rounds  against  stationary  targets.  Experience 
with  large  caliber  rounds  indicates  that  extreme  scoring 
accuracy  can  be  achieved  with  the  TEMDI.  The  large  caliber 
rounds  are  precisely  machined  and  are  extremely  stable  ^ 

in  flight  and,  consequently,  produce  an  excellent,  high  amplitude 
shock  wave.  Subsonic  near  miss  scoring  causes  a  much  greater 
problem.  The  large  cress  section  of  the  round  will  produce  a 
good  radar  scoring  signature,  but  available  radar  systems  do 
not  yield  X,  Y  coordinate  information.  The  most  commonly 
employed  system  is  a  two-camera  system  in  which  a  camera 
behind  the  projectile  is  used  to  produce  film  from  which 
miss  distance  is  measured,  A  second  camera  running  synchronously 
and  placed  in  the  target  plane  determines  which  frame  is  used  for 
the  miss  distance  measurement.  Optical  tracking  systems  using 
cinephototheodolites  will  produce  reliable  data  but  require 
expensive  installations.  Both  photographic  systems  are  cumbersome 
in  terms  of  data  reduction  and  are  unsuitable  if  large  numbers 
of  rounds  are  to  be  fired.  Normally,  however,  large  numbers  of 
rounds  will  produce  reliable  hit  probability  thereby  reducing 
the  need  for  miss  distance  information. 

The  large  caliber  projectile  lends  itself  to  still  another 
type  of  miss  distance  indicator  that  was  proposed  by  Westinghouse. 
This  system  consists  of  a  mercury  lamp  shining  directly  upwards 
creating  a  light  screen  not  visible  during  daylight  from  the  weapon 
position.  Projectiles  passing  through  the  screen  reflect  light 
downward  to  two  sensors  composed  of  fiber  optics.  The  angle  of 
reflection  is  used  to  determine  the  point  of  penetration. 


The  moving  target  is  a  complicating  factor.  Two  methods 
are  available  for  scoring  hypersonic  rounds:  a  ground- mounted 
TEMDI  system  in  which  the  location  of  the  target  is  known  or  a 
vehicle-mounted  TEMDI  system.  Both  systems  have  advantages 
and  disadvantages.  The  ground -mounted  system  is  conceptually 
simple.  A  row  of  sensors,  spaced  approximately  60  feet  apart, 
is  placed  along  the  path  of  the  target.  Switches  along  the 
track  feed  the  ADP  system  with  pulses  as  the  target  moves 
along.  Speed  is  measured  constantly  and  target  position 
can  be  computed  at  any  moment.  As  rounds  pass  over  the  track, 
the  sensors  receive  the  shock  wave  and  time  of  arrival  can  be 
used  to  determine  X,  Y  coordinate  of  the  passing  round.  By 
determining  the  position  of  the  target  from  the  track  switch 
information,  miss  distance  can  be  computed.  The  advantage 
of  this  system  is  that  the  state  of  the  art  in  terms  of  data 
transmission  (wire)  and  signal  conditioning  is  well  within 
USAIB  capability.  The  disadvantage  is  the  use  of  large  numbers 
of  sensors,  hence  large  amounts  of  wire. 

An  alternate  system  is  to  carry  the  sensors  on  the  vehicle 
and  radio  the  data  to  the  ADP.  The  advantage  is  that  the  MDI 
is  always  referenced  to  the  target.  The  disadvantage  is  that 
the  telemetry  data  link  is  extremely  sophisticated  and  will  be 
difficult  to  maintain  and  repair  without  improved  test  equipment. 

The  moving  target  system  presents  no  particular  problem  ' 
to  scoring  subsonic  rounds  using  optical  scoring  methods. 

(7)  Conclusion  -  Although  much  work  has  been  accomplished 
in  the  development  of  AT  instrumentation  systems  and  the  components 
necessary  for  AT  weapon  performance  evaluation  are  available, 
no  antitank  experiment  has  been  conducted.  At  the  present  time, 
the  systems  described  here  are  planned  for  use,  as  necessary, 
in  support  of  the  forthcoming  DRAGON  test.  This  test  will 
replace  the  test  vehicle  originally  planned  for  use  during 
the  methodology  study*  Antitank  Experiment  1.  Instrumentation 
systems  that  prove  valuable  during  the  DRAGON  test  will  .become 
an  integral  part  of  the  antitank  test  facility. 

5.  TEST  FACILITY  CONCEPT 

a.  Introduction  -  The  development  of  test  facilities 
whieh  will  permit  operational  testing  of  candidate  weapon  ■ 
systems  draws  heavily  on  objective  1,  Critical  Factors 
Influencing  Weapon  Effectiveness,  and  the  small  arms  portion 
of  the  methodology  study  for  instrumentation  development. 


Annex  H  of  the  Antitank  Methodology  Review  (Appendix  II ) 
describes  an  adequate  physical  test  facility.  The  facility 
described  provides  the  following  necessary  characteristics: 

(1)  Sufficient  terrain  for  fire  movement 

(2)  Range  safety  fans  to  test  the  weapon  system  in  0  shift 
fire  mode  and  at  maximum  effective  range 

(3)  Realistic  stationary  ;.nd  moving  targets  at  representa¬ 
tive  range  distances 

(4)  Prepared  defensive  and  issault  firing  positions 

(5)  Point  fire,  rapid  reaction  targets 

b.  Sufficient  Terrain  for  Fire  ana  Movement  -  An  operational 
test  environment  must  provide  the  type  of  test  environment  that 
the  weapon  can  be  expected  to  encounter  in  combat.  Ideally,  the 
weapon  should  engage,  displace  to  Alternate  positions  and  reengage 
it  should  be  tested  on  how  well  the  combat  tasks  are  accomplished. 

The  five  combat  tasks  which  are  required  to  complete  the  ?5 
combat  actions  outlined  in  the  review  must  be  on  integral  part 
of  the  range.  Again,  these  tasks  are:  ^ 

Long  range  aimed  fire 

Medium  range  aimed  fire 

Short  range  aimed  fire 

Rapids  movement  -  rapid  fir? 

Rapid  reaction  to  suitable  targets 

Movement  times,  firing  times  and  accuracy  are  all  viable 
measures.  The  movement  times  and  set  up  times  can  be  measured 
with  stop  watch  or  event  switches  connected  directly  with  the 
ADP.  The  magnitude  of  the  test  should  be  the  major  consideration} 
hits  can  be  scored  visually  or  by  instrumentation  depending 
primarily  on  the  number  of  rounds  to  be  fired  and  the  size  of 
the  impact  signature. 


c.  Range  Safety  Fan  for  Shifting  Fire  -  To  measure  time  to 
shift  fire  adequately,  the  gunner  must  be  made  to  go  through  the 
entire  sequence  of  acquisition,  aiming  and  firing  two  times  at 
two  different  targets.  To  test  the  weapon’s  capability,  the 
new  target  must  lie  outside  of  the  field  of  view  of  the  aiming 
optics  so  that  the  firer  is  forced  to  reacquire  and  engage 
after  defeating  the  first  target.  Normally,  the  field  of 

view  for  AT  aiming  optics  is  approximately  8  degrees.  Since 
the  target  is  normally  placed  in  the  center  of  the  field  of 
view,  a  second  target  will  have  to  be  separated  by  at  least 
4  degrees  to  be  outside  of  the  field  of  view.  At  a  range 
of  1,000  meters,  target  separation  will  have  to  be  greater 
than  70  meters.  At  2,000  meters,  separation  will  have  to 
exceed  140  meters  to  provide  time  to  shift  fire  data.  The 
range  safety  fan  must  permit  engagements  of  targets  at  the 
weapon's  maximum  effective  range,  although  sufficient  width 
to  shift  fire  at  that  range  is  not  necessary. 

d.  Realistic  Stationary  and  Moving  Targets  -  To  duplicate 
plausibly  an  enemy  threat,  targets  must  be  used  in  a  realistic 
manner.  Speeds  approximating  wheeled  and  track  laying  enemy 
vehicles  must  be  reproduced  by  the  moving  targets.  Realistic 
exposure  times  and  exposed  areas  must  be  reproduced  by  the 
stationary  targets.  The  stationary  targets  may  be  able  to 
simulate  adequately  incoming  moving  targets  by  very  slowly  ^ 
coming  up  and  going  down,  giving  the  appearance  of  moving 
armor  approaching  on  undulating  terrain.  These  speeds  and 
approach  times  should  be  determined  by  the  actual  use  of 

an  attacking  force  on  the  test  terrain.  Target  parameters 
can  be  determined  from  these  data. 

e.  Prepared' Defensive  and  Assault  Positions  -  To  insure 
identical  replications,  weapons  should  fire  from  prepared 
firing  positions  in  both  the  defensive  and  assault  roles. 

This  also  permits  the  placement  of  round  count  microphones  and 

■cameras  for  data  collection  without  iriterferring  with  the 
tactical  operation  of  the  weapon  system.  Triggering  devices 
or  manual  triggering  can  be  used  to  sense  the  arrival  of  the 
weapon  at  these  positions,  insuring  identical  target  presentations 
from  trial  to  trial. 

f.  Point  Fire  -  Rapid  Reaction  Targets  -  For  candidate 
weapons  with  a  rapid  reaction  capability,  targets  of  opportunity 
should  be  presented  at  inopportune  times  to  assess  the  weapon's 
capability  to  react  quickly.  The  need  for  quick  reaction  is 
enhanced  by  close  range  conflict  normally  represented  by  a  point 
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fire  situation  where  no  time  is  available  for  laying  the  weapon 
accurately.  This  situation  is  related  to  the  small  arms  quickfire 
capability  which  proved  very  sensitive  to  small  differences 
between  weapons. 

g.  Recommendations  -  All  of  the  above  considerations  should 
be  included  in  the  setting  up  of  a  test  facility  to  evaluate  the 
performance  of  a  particular  weapon  system.  Reference  should  be 
made  to  the  Appendices  I  and  II  which  present  detailed  descriptions 
of  an  AT  test  facility  and  test  facility  instrumentation.  The 
limiting  factor  in  determining  the  number  and  types  of  tax-gets, 
engagement  ranges  and  engagement  lengths  will  be  the  number  of  test 
rounds  and  crews  available.  These  factors  are  discussed  in  the 
next  section.  Instrumentation  should  be  adapted  to  the  charac¬ 
teristics  of  the  test  and  standard  weapon.  During  the  DRAGON 
testing,  for  instance,  visual  scoring  with  photographic  miss 
distance  and  manual  timing  of  events  will  suffice  because  of  the 
relatively  large  projectile  and  slow  firing  rate.  The  critical 
factors  mentioned  under  Objectives  1  and  ?  should  be  reviewed  and 
incorporated  as  described  in  those  sections. 

6.  TEST  METHODOLOGY 

a.  Introduction  -  In  the  operational  service  test  the  first 
considerations  are  the  objectives  of  the  test.  Once  these  are 
defined  and  understood  a  test  design  should  be  prepared  which 
will  provide  the  maximum  information  concerning  performance  that 
can  be  acquired  within  the  constraints  of  the  test.  In  most  cases 
the  major  constraint  will  be  time  and  ammunition.  After  the  test 
design  is  completed,  instrumentation  systems  must  be  implaced  to 
provide  the  basic  data  for  each  coll  in  the  test  design.  Physical 
conditions,  which  insure  the  inclusion  of  critical  factors  and  which 
are  required  for  an  operational  test,  must  be  set  up  and  a  schedule 
of  events  must  be  programmed.  The  next  effort  is  the  careful  imple¬ 
mentation  of  the  test  plan  and  the  collection  of  the  data.  Finally, 
the  analysis  based  on  the  test  design. is  completed.  The  basic  steps 
are  summarized  below: 

Objectives 

Test  Design 
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Range  Design 

Instrumentation  Selection 

Instrumentation 

Analysis 
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b.  Objectives  -  Although  the  responsibility  for  test  objectives 
does  not  normally  belong  to  USAIB  since  objectives  are  usually 
provided  with  the  test  item,  it  is  the  Board's  responsibility 
to  determine  if  the  objectives  provided  are  consistent  with  good 
field  test  procedures. 

Suppose,  for  instance,  that  a  test  directive  were  received 
to  test  a  new  AT  weapon  system.  The  test  was  to  be  run  against 
a  standard  AT  weapon  system.  The  objective  was  to  determine  if 
the  new  system  represented  at  least  20-percent  improvement  in 
hit  probability  (Pjj)  over  the  standard  weapon.  Assume  that  the 
Ph  for  the  standard  was  equal  to  .7  at  1400  meters.  A  20-percent 
improvement  would  mean  that  the  P^  for  the  new  system  would 
have  to  be  equal  to  or  greater  than  .84  (20%  of  .7  =  .14)  at 
the  same  range.  Assume  the  directive  sets  the  confidence  level 
at  90  percent.  We  must  be  90-percent  confident  that  the  new 
system  is  at  least  20  percent  better  in  P,  than  the  standard. 

USAIB  would  receive  10C  weapon  systems  (missiles)  for  the  test. 

To  fulfill  the  objective  all  100  missiles  would  have  to  be 
fired  at  under  precisely  controlled  conditions  (similar  target, 
similar  firing  position,  same  range,  etc.),  if  indeed  the  P^ 
were  truly  .87,  it  can  be  shown  that  the  probability  of  rejecting 
the  test  item  is  as  high  as  16  percent.  Consequently,  we  will 
have  expended  all  the  test  items  having  gained  very  little 
knowledge  concerning  operational  effectiveness,  and  we  will  still 
have  a  high  probability  of  making  a  wrong  decision  based  on  the 
outcome  of  the  test.  We  will  know  nothing  concerning  the  effects 
of  target  speed,  exposure  time,  approach  angle,  image  size,  or 
range  on  the  weapon  system.  A  sample  size  of  100  rounds  is 
sufficient  to  provide  much  information  concerning  the  capabilities 
of  a  new  system  with  appropriate  objective  and  test  design.  If 
it  is  desired  to  be  90-percent  confident  that  the  new  system  is 
a  20-percent  improvement,  the  system  has  to  have  an  inherent 
capability  much  greater  than  .84  (for  the  example  above).  If 
the  system  had  true  of  .87  there  exist  a  probability  of  about 
,16  that  the  new  system  would  be  considered  unacceptable  based  on 
the  data  from  100  missiles.  The  graph  below  uses  the  normal 
approximation  to  the  binominal  and  shows  the  distribution  of 
probability  estimates  based  on  missiles  coming  from  a  population 
that  has  a  true  of  .87.  it  shows  that  a  16-percent  chance  exists 
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of  pulling  a  sample  of  100  missiles  that  have  an  estimate 
less  than  .84. 

c.  Test  Design  -  In  designing  the  operational  service  test 
every  effort  should  be  made  to  permit  data  to  be  used  under  as 
many  cell  conditions  as  possible.  Suppose  we  wish  to  determine 
P  as  a  function  of  range  and  we  are  also  required  to  determine  the 
degradation  factor  due  to  a  target  speed  of  10  mph.  Two  curves 
would  be  required: 


'A 


Stationary  Moving 

In  each  case  the  same  sample  could  be  used  for  the  point 
marked  A.  Rounds  fired  at  a  stationary  target  in  the  speed 
degradation  test  could  also  be  used  to  fill  one  of  the  cells 
required  to  determine  the  effects  of  range;  much  overlap  can 
be  designed  into  the  test  reducing  the  number  of  rounds  required 
or,  conversely,  increasing  the  amount  of  information  from  the 
number  of  rounds  available. 

The  number  of  cells  in  the  design  that  must  be  filled  must 
be  tempered  with  the  number  of  weapon  systems  available.  The 
training  model  will  dictate  the  number  of  weapons  systems  available 
and  the  number  of  rounds  each  will  be  able  to  contribute  to  the 
design.  The  number  of  weapon  system  times  the  number  of  rounds 
after  training  allotted  to  each  system  will  equal  the  total 
sample  available  which  must  be  divided  into  the  test  design  cells 
according  to  the  sample  size-hrequired  by  each  cell.  If  the  cells 
are  too  numerous  to  be  adequately  supplied,  some  design  trade 
offs  will  be  required. 

For  instance,  if  a  106  RR  team  normally  fires  24  rounds  on 
the  average  during  its  life  cycle,  10  of  which  are  training 
rounds,  then  each  team  can  contribute  14  rounds  to  the  test 
design;  that  is,  the  10th  through  the  24th  round  of  its  life 
cycle.  If  the  weapon  system  is  a  missile  system  with  a  total 
life  of  five  rounds,  two  of  which  are  fired  on  training,  the 
system  can  contribute  three  more  firings,  its  third,  fourth,  and 
fifth,  to  the  test  design. 


Range 


From  a  statistical  standpoint  it  is  better  to  reduce  the  cells 
than  to  dilute  the  sample.  However,  statistical  considerations 
are  rarely  the  only  considerations.  It  may  be  more  important,  for 
instance,  to  achieve  a  rough  estimate  for  a  cell  mean  than  to  achieve 
statistical  reliability.  These  decisions  must  be  made  after  the 
constraints  are  known. 

d.  Range  Design  -  The  test  facility  should  be  configured  as 
required  in  the  test  design.  Some  considerations  are  the  number 
and  types  of  firing  positions,  the  location  of  targets,  and  the 
placing  of  reference  points  for  such  tasks  as  estimation  of  range. 

The  range  design  will  insure  that  weapon  crews  perform  the  critical 
combat  tasks  and  actions.  The  ability  to  generalize  the  test 
results  from  the  test  environment  to  the  combat  environment  is 
dependent  on  how  well  the  influencing  factors  of  combat  are 
represented  on  the  test  facility. 

e.  Instrumentation  Selection  -  Appropriate  instrumentation, 
including  sensors,  data  link,  recording  media,  must  be  selected 
to  provide  the  basic  data  required  by  the  test  design.  The  final 
conclusions  are  dependent  on  the  accuracy  and  reliability  of  the 
data  provided  by  instrumented  and  manual  data  collection  systems. 

Where  possible  redundancy  should  be  built  into  the  data  collection 
system  because  of  the  importance  of  individual  rounds.  When 
compared  to  small  arms,  an  AT  round  or  missile  represents  a 
sizeable  investment,  and  large  numbers  of  test  items  are  not 
normally  available.  Poor  test  designs  can  be  reviewed  and 
rewritten  prior  to  a  field  test.  Analysis  can  be  redone  as 

long  as  the  basic  data  exist.  But,  test  rounds  cannot  be 
refired  nor  can  data  be  recollected  if  missed.  In  the  operational 
test  each  round  is  valuable  and  the  conditions  under  which  it  is 
expended  should  be  precisely  governed  in  order  that  its  contribution 
to  the  data  base  be  substantive. 

f.  Implementation  -  The  implementation  of  an  operational  field 
is  fraught  with  problems  causing  the  test  officer  to  make  an  almost 
continuous  stream  of  decisions.  The  problems  include  such  things 
as  crew  members  becoming  ill  and  a  decision  must  be  made  either 

to  substitute  a  man  from  another  crew,  substitute  the  entire  crew, 
substitute  the  crew  and  the  weapon,  delete  or  postpone  the  engagement. 
If  a  target  fails  to  function,  another  myriad  of  problems  surface. 

The  misfiring  of  a  round,  the  breakdown  of  a  recorder,  the 
occurrence  of  inclement  weather  each  require  decisions  which  can 
have  a  degrading  influence  on  the  data  base,  time  schedule,  and  the 
test  design.  The  statistician,  the  test  engineer  or  technician,  and 
computer  specialist  should  be  on  hand  to  provide  guidance  concerning 
the  potential  impact  of  the  problem  in  those  special  areas. 


The  complex  nature  of  this  type  of  testing  requires  that  wisdom 
and  insight  be  used  in  solving  test  problems.  A  record  of  each 
problem  and  the  resulting  decision  should  be  made  for  the  person 
responsible  for  data  analysis.  When  deviations  from  the  test 
schedule  occur,  data  intended  for  one  cell  can  become  data 
for  another  cell.  If  the  analyst  is  unaware  of  such  changes, 
these  data  become  outliers  in  the  data  base  which  he  cannot 
explain  and  which  reduce  data  reliability. 

g.  Analysis  -  The  data  analysis  should  be  geared  directly 
to  answering  the  test  objectives.  Statistical  test,  computer 
routines  are  available  for  use.  After  the  objectives  have  been 
addressed,  the  data  base  should  be  sifted  again  to  glean  information 
that  may  be  of  value  above  that  required  for  the  objectives. 

The  data  base  may  be  useful  for  weighting  MOE  or  resolving  other 
methodological  problems,  a  recommended  analytical  procedure  appears 
in  Appendix  I. 
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Section  1 


INTRODUCTION  AND  SUMMARY 

This  project  analysis  has  been  performed  under  contract  DA 
EA- 18-68-C-0004  in  connection  with  the  Infantry  Weapons  Test 
Methodology  Study  conducted  under  U;S.  Army  Infantry  Board 
( USA  IB)  auspices  at  Fort  Benning,  Georgia.  The  scope  of  the 
analysis  includes  the  design,  development,  and  use  of  an 
instrumented  range  for  test  and  evaluation  of  anti-tank 
weapons  systems  in  a  quasi-combat  environment. 

The  test  range  will  yield  quantitative  data  for  evaluating 
anti-tank  weapons  systems  under  operational’  conditions. 
Combat  realism  will  be  enhanced  by  a  limited  capability  for 
simulating  two-sided  engagements  (return  fire)'.  Thus,  the 
range  will  not  only  permit  controlled  observation  of  testing 
and  variation  of  test  conditions  to  obtain  quantitative 
measures,  but  will  produce  data  related  to-the  subjective 
aspects  of  weapon  system  evaluation  with  special  emphasis 
on  human  factors.  These  features  will  prove  invaluable  in 
comparative  testing  of  two  or  more  candidate  weapon  systems. 


The.  purpose  of  this  analysis  is  to  furnish  guidelines  in  the 
devel opment' of  an  anti-tank  weapons  systems  test  range,  to 
establish  basic  test  concepts,  to  make  a  prel iminary  deter¬ 
mination  of  terrain  and  instrumentation  requirements,  and  to 
obtain  an  estimate  of  data  collection  and  processing 
requirements . 
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STATEMENT  OF  OBJECTIVES 


OBJECTIVES  ■'  ’ 

The  objectives  in  establishing  an  anti-tank  weapons  system 
'  'test  and  evaluation  range  will'-be:  '  /\  *| 

1.  To  develop  and  evaluate  methodologies  for  testing 
infantry  associated  anti-tank  weapons  systems 
under  quasi-combat  conditions. 

•  » 

2.  To  identify  those  factors  which  are  critical  in 
testing  and  comparative  evaluation  in  suqh  an 
environment. 

3.  To  obtain  field  test  data  as  a-basis  for 
•  ■'  establishing  measures  of  system  effectiveness. 

.4.  (  To  develop  objective  standards  for  comparing 
system  effectiveness. 
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Section  3 


-ANAL-YSTS  -OF  CRITICAL  FACTORS 


-4. - TERRAIN 

Terrain  may  prove  to  be  a  critical  factor  in  conducting  anti¬ 
tank  weapons  tests  at  Fort  Benning.  If  the  tests  are  to 
accomodate  the  full  spectrum  of  anti-tank  weaponry  in  current 
use  and  under  development  for  the  1970-75  time  frame,  the 
”~f  olTowi n g  minimum  requirements  should  be  met:, 

a.  Provision  for  engagement  ranges  from  100 

_ to  3000  meters.  .  ' 

b.  A  range  safety  fan  extending  to  5000  meters 
and  allowing  for  maximum  expected  angular 

‘  ■  ,  dispersion  of  fire. 

c.  Reasonably  flat  terrain  to  eliminate  line- 
■  of-signt  problems,  except  where  called  for 

.  in  test  scenari os . 

d.  Provision  fqr  removing  the  target(s)  from  ■ 
the  range  fan  for  maintenance  and  adjustment 

(to  eliminate  the  necessity  for  clearing  "duds"). 

A  schematic  diagram  of  a  range  satisfying  these  constraints 
is  presented  in  Figure  1  .  The  diagram  shows  three  firing 
positions,  (1)  for  long  engagement  ranges  (1500-3000  meters), 
(.2)  for  medium  ranges  (1200-2000  meters),  and  (3)  for  short 
ranges  (100-120.0  meters).  Alternate  positions  could  also  be 
specified.  The  actual  dimensions  and  angular  widths  of  the 
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Figure  1.  Anti-Tank  Test  Range  Schematic. 


range  fans,  should  be  established  on  the  basis  of  expected 
weapon/crew  performance,  and  are  shown  here  for  illustrative 
purposes  only. 

The  target  track  shown  has  been  selected  to  present  a  variety 
of  presentation  angles  and  angular  motion  rates  to  the  weapon' 
’“"crew.  "  This,  also,,  would  be  subject  to  change  for  a  given 
.  s.cenario .  .  .  j 

Intervisibility  constraints  could  be  introduced  by  using 
brush  screens,  earth  mounds,  or  natural  obscurae  such  as 
trees  Or  hills.  ■ 

2.  WEAPON  AND  CREW  VULNERABILITY  ’  ’ 

~The  degree  to  which  the  weapon  and  crew  are  Vulnerable  to. 
return  fire  in  an  anti-tank  operation  in'  an  important  fac¬ 
tor  in  assessing  the  value  of  an  anti-tank  weapons  system. 

The, basic  measure  of  vulnerability  is  exposure  time,  which 
is  the  total  length  of  time  during  which  the  weapon  and/or 
crew  could  be  seen  from  the  target. as  it  proceeds  along  its. 
cours’e.  Use  of  this  measure  alone  would  result  in  a  pessi¬ 
mistic  estimate  of  crew  vulnerability,  as  it  assumes  a  360° 
field  of  view  for  the  tank  as  well  as  instant  acquisition 
of  the  anti'-tank  weapon  by  the  tank  crew. 

A  more  realistic  assessment  would  take  into  account  the 

l  ’ 

fact  that  the  attention  of  the  tank  crew  is  generally  dir¬ 
ected  forward,  and  that  often  acquisition  does  not  occur 
until  the  anti-tank  crew  reveals. its  presence  by  firing  a 
round'.  Further,  the ‘weapon- target  range  is  an  important 
consideration  in  determining  whether  or  not  the  weapon  would 
have  been  detected. 


Weapon/crew  exposure  can  be  measured  in  a  test  situation 
by  stationing  an  observer  in  a  forward  position  (outside 
of  the  range  safety  fan)  equipped  with  binoculars  and  watch 
synchronized  with  the  range  master  clqck.  The  observer 
maintains  a  log  of  crew  activity,  noting  times  when  the 
crew  or' weapon,  i n  h 1 s  opinion,  would  have  been  apparent  to 
a  tank  at  an  appropriate  range.  To  reduce  bias  introduced 
by  judgment,,  observers  will  have  special  training  and  will 
•be  given  objective  criteria  as  to  the  degree  of  exposure 
requi red . 

Observer  data  can  be  correlated  with  target  location  and 
bearing  data  after  the  test  to  derive  a  more. real istic 
value  for  exposure  time,  correcting  for  actual  orientation 
of  the  tank  when  exposure  occurred. 

Further  evaluation  of  crew/weapon  vulnerability  would  con¬ 
sider  return  fir-e  from  the  tank.  In  this  situation-,  time 
to  acquire  to  train  turrets  (as  -a  function  of  rotation 
angle)  and  to  aim  guns, must  be  established  and  correlated 
with  the  actual  exposure  profile.  Normally,  these  times 

would  be  'determined  in  advance. 

♦  * 

3.  NIGHT  OPERATIONS 

Anti-tank  weapons  systems  equiped  with  or  operated  in  con¬ 
junction  with  low-light  vision  aids  such  as  passive  night 
vision  devices  (PNVD)  or  infrared  detectors  should  be  tested 
in  night  operations.  Such  tests  are  critical  in  evaluating 
systems' which  use  ima.ge  intensif  iers ,  because  such  equipment 
is,  subject  to  "blinding"  by  muzzle  flash,  shell  detonations, 
artificial-  light  sources  such  as  vehicle  headlights,  and 
other  phenomena  resulting  in  transient  increases  in  local 
or  ambient  level  of  illumination. 


If  infrared  detectors  are  to  be‘  tested,  a  means  of  simulat¬ 
ing  the  infrared  signature  of  the  target  should  be  devised. 

A  simple  and  cost-effective  technique  would  be  to  install 
a  wire  mesh  on  the  outside  surface  which  could  be  maintained 
at  a  desired  temperature  electrically. 

4.  COST  EFFECTIVENESS 

Anti-tank  weapons  tests  are  characterized  by  relatively  low 
rates  of  fire  using  relatively  expensive  rounds,  particularly 
when  dealing  with  ATOM  systems.  Both  of  these  factors  will 
limit  the  use  of  test  replication  as  a  means  of  achieving 
statistical  significance,  and  place  a  premium  on  thorough 
•test  desi gn .  In  particular,  variables  not  s-ubject  to 
evaluation  must  be  rigidly  controlled  or  established  prior 
to  testing  by  special  crew  training,  weapon  boresighting,- 
and  other  precautionary  measures. 

if  a  digital  computer  is  available,  the  use  of  simulation  and 
war  gaming  would  be  a  valuable  aid  in  designing  test  scenarios. 
Benefits  to  be  expected  from  this  approach  -include  the  identi¬ 
fication  of  critical  event  sequences  and  elimination  of 
redundant  or  unnecessary  features  in  proposed  test  procedures. 

The  computer  could  also  be  used'to  derive  additional  informa¬ 
tion  from  test  results',  using  actual  test- data  as  input  to  a 
generalized  tank-infantry  engagement  model,  of  which  several 
•are  in  present  use. 
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TEST  VARIABLES 

( 


Three  categories  of  variables  will  be  considered  in  conduct¬ 
ing  anti-tank  weapons  systems  testing:  independent,  dependent, 
and  random.  Variables,  wi thin  these  categories • are  listed  * 
below: 


1 .  Independent  Variables 

These  are  subject  to  control,  and  will  be  established  prior 
to  testing:  ' 


*> 


a.  Engagement  range 

b.  Target  characteristics 

c.  Target  course  and  maneuvers 

d.  Weapon  location 

e.  Target  exposure  times 

f. .  Weapon  type 

g.  Round  type  - 

h.  Crew  proficiency 

i.  'Target  illumination  •  . 

2,  Dependent  Variables 

a.  Time  to  acquire  target 

b.  Load  and  reload  times  (recoilless  rifles) 

c.  Pickup  and- -tracking  times  ■  (missiles ) 

d.  'Time  to  land  a  spotting  round 

e.  Range  estimation  by  crew 

f.  ‘  founds  expended  to  kill 

g.  Aiming  errors 


'  V  ' 
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Random  Variables 


a .  .  Natural  1 ight 

b.  Weather 

c.  System  malfunction 

d.  Ballistics 

e.  Crew  error 

Variables  to  be  measured  in  conducting  anti-tank  weapons 
tests  will  include  the  following: 

1  •  Point  of  Impact 

The  point  of  impact  for  each  round  on  target  will  be  deter¬ 
mined  by  reducing  data  generated  by  s-ensors  associated  with, 
the  target.  Candidate  sensor  systems  include  -pressure  or 
acceleration  transducers  and  a  variety  of  imbedded  electrical 
grid  configurations  connected  via  radio  link  or  land  line 
to  a  data  coll  action  center. 

2 .  Miss  Distance 

Near-miss  data,  if  required,  can  be  obtained  by  acoustic 
instrumentation  mounted  on  the  target.  An  alternate  scheme, 
which  may  prove  feasible  in  testing  missile  systems,  would 
employ  an  RF  beacon  mounted  on  the  projectile  and  tracked 
by  antennas  suitably  deployed  on  the  test  range. 

3 •  Response  Times 

These  are  measures  o.f  time  required  by  the  anti-tank  weapon 
t(o  accomplish  required  tasks,  including  but  not  necessarily 
limited  to  target  identification  and  acquisition,  range 
estimation,  weapon  loading,  emplacement  of  spotting  rounds, 
target  tracking,  weapon  reload,  a n'd'  target  shifting.  The 
simplest  method  of  measuring  response  time  is  to  employ  an 
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observer  equipped  with  checklist  and  stopwatch.  Correlation 
of  data  would  be  facilitated  if  the  observer  were  further 
equipped  with  a  device  to  transmit  event  data  to  the  data 
collection  center  in  real  time.  ' 

o 

4.  -Round  Count 

■5.  •  Target,  Location  Errors 

Correlation  of  estimated  target  locations  and  actual  target 
locations  derived  from  the  scenario  or  by  range  tracking 
equipment  will  provide  an  objective  measurement  of  observer 
performance.  , 

*  * 

6.  Environmental  Factors 

Wind  velocity  and  direction,  ambient  light,  visibility  arid 
other  factors  affecting  mission  performance  will  be  measured 
objectively  or  will  be  categorized  (e.g.,  good,  fair,  poor). 
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Section  5 


TEST  CONCEPTS 

-  •  f 

Test  concepts  to  be  employed  on  the  anti-tank  test  range  will 
be  predicated  upon  anticipated  weapons  systems  requirements  i 
the  '1 970-1 975  time  period,  with  frequent  review  and  update  as 
new  requirements  become  known. 

Test  concepts  will  be  based  upon  three  classes  of  weapons 
currently  in  use  or  in  an  advanced  state  of  development: 

'  '  ':»y-  •  , 

a.  106MM  Recoil  less  Rifle\  M40;$l 

b.  Light  Assault  Weapon* ‘(LAW) ,  M72 

c.  Heavy  Assault  Weapon  (HAW),  TOW  ATGM 

Other  weapons  (e.g.,  90MM  recoilless  rifle,  120MM  recoilless 
rifle,  Dragon,  ENTAC)  which  are  similar  in  basic  concept  to 
those  enumerated  above  should  be  adaptable  to  the  test  range 
without  significant  alterations  in  test  procedures  or  range 
instrumentation.  A  brief  description  of  a  test  procedure 
will  be  presented  for  illustrative  purposes. 

TEST  PROCEDURES 

As  indicated,  above,  the  106MM  recoilless  rifle,  M40,  will  be 
the  baseline  weapon  system  for  this  class  of  ahti-tank  weapon 
Tests  will  be  conducted  using  a  .50  caliber  spotting  rifle 
(M8C)  to  estimate  target  range  and  bearing.  A  typical  test 
mitjht  proceed  thus: 

jhe  weapon  crew  emplaces  and  loads  the -weapon 
and  any  visual  aid  devices  appropriate  to  the 
scenario.  Upon  completion  of  th.is.  task.,  test 
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observers  (as  requi  rfed)  assume  their  stations  and 
a  ready  signal  is  issued  to  Range  Control. 

2.  Target  motion  is  initiated  by  Range  Control  out  ' 
of  view  of  the  weapon  c.rew  after  a  delay,  the 
duration  of  which  is  not  known  to  the'  crew. 

3.  The  following  sequence  of  events  occurs,  and  • 
the  corresponding  times  are  logged,  by  a  test 
observer: 

a.  Target  appearance  * 

b.  Target  identification 

c.  Fire  spotting  round 

d.  Repeat  (c),  if  a  miss  result’s 

e.  Hit  on  target  by  spotting  round 

f.  Fire  anti-tank  round  (inert). 

g.  Reload  and  repeat'(f),  if  miss 

h.  Hi t  on  target  . 

'  i.  Repeat  (f),  if  not  a  kill  (M  or  F) 

j.  Target  disappearance  of  halt  (M-Kill) 

Engagement’ ranges  will  be  varied,  from  300  to.  1 500  meters , 
to  provide  a  realistic  evaluation  of  P^  as  a  function  of  range. 
A  suitable  choice  of  ta’rget  course  will  provide  a  capability 
for  evaluating  aiming  performance  for  a  var.iety  of  viewing 
angles  and  angular  rates  within  the  weapon  field  of  view. 

A  further  refinement  could  be  introduced  to  evaluate  crew 
reaction:  The  target  would  be  programmed  to  proceed  until 
the  weapon  crew  has  revealed  its  presence*,  at  which  time  it 

• - : - 

*  Either  by  firing  a  round  or  by  exposure  within  the 

tank's  field  of  view,  as  determined  by  a  test  observer. 


would  commence  return  fire.  Assuming  that  is  inversely 
proportional  to  range  for  both  weapons,  an  interesting  gaming 
aspect  could-  be  Introduced,  as  described  in  the  following 
paragraph. 

If  the  commencement  of  anti-tank  firing  is  at  the  discretion' 
of  the  weapon  crew,  it  may  elect  not  to  fire  until  the  target 
range  has  been  reduced  to  provide  an  acceptably  high  P^. 
However,  a  delay  permitting  closer  approach  niay  result  in 
excessive  exposure  to  rvH^rn  fire.  At  this  point,  load  and 
reload  times  and  gunner  accuracy  become  critically  important. 

Tests  of  ATGM  systems  would  proceed  along  similar  lines, 
except  that  longer  engagement  ranges  c.ould  be  used.  Test 
scenarios  would  be  developed  to’  evaluate  system  capabilities 
such  as  the  following: 

a.  Ability  of  the  weapon  crew  to  maintain  track  in 
the  presence  of  temporary  obscuration,  changes 
in  target  aspect,  and  changes  in  target  course. 

b.  '  Ability  of  the  system  to  respond  to  high  angular 

*  rates  such  as  might  be  encountered  in  shifting 
targets  subsequent  to  launch. 

c.  Ability  of  the  automatic  tracking  ‘equipment  to 
maintain  lock  in  the  presence  of  other  visual/ 
infrared  sources  and  signal  attenuation  due  to 
dust  or  smoke. 
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Section  6 


INSTRUMENTATION 


TARGET  CHARACTERISTICS 

To  obtain  meaningful  measures  of  anti-tank  weapons  system 
effectiveness  under  quasi-combat  .conditions,  the  target/hit 
sensing  subsystem  should  possess  the  following  attributes: 

a.  Immediate  and  recognizable  results  of  anti-tank 
•gunnery  should  be  provided  to  the  crew. 

b.  The  target  should  resemble  a  typical  tank  from 
all  viewing  angles  (front,  rear,  side,  quarter'). 

,  „  c.  The  target  should  be  capable  of  simulating  tank 
motion  and  maneuver  capability. 

d. .  The  target  shoul'd  be  instrumented  to  provide 

automatic  hit  and  near  miss  scoring. 

e.  The  target  should  be, capable  of  surviving 

.  .  •  multiple  'hits  by  inert  rounds. 

Each  of  the  above  will  be  discussed  in  further  detail  in 
the  following  paragraphs. 


1 .  Visual  Cues 

To  provide  the  gunner  crew  with  realistic  conditions,  the 

visual  cues  associated  with  a  hit  on  target  should  be 

present.  Assuming  that  inert  rounds  are  used  to  reduce 

target  attrition,  it  will  be  necessary  for  the  target 

itself  to, provide  cues  in  the  form  of  light  flashes  and/or 

smoke  puffs,  preferably  triggered  at  a  point  near  the 

actual  impact.  Further  realism  couVd  be  introduced  by 
,  «.  . 
programming  the  target  to  stop  in  the  event  of  a  hit  so 

located  (e..g.,  on  the  treads)  as  to  disable  a  tank. 
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2.  Three-Dimensional  Target 

The  visual  cross  section  of  a  tank  varies  markedly  v/ith 
'VTewing  angle,  and  this  in  turn  affects  detection  and  aiming 
accuracy.  A'  three-dimensional  replaceable  shell  equiped 
with  hit.  sensors  and  mounted  on. a  heavily  armored  mobile 
carriage  is  a  feasible  and  cost-effective  method  for  pro¬ 
viding  a  realistic  simulation  of  a  tank. 

It  may  be  desirable  to  introduce  a  certain  degree  of  two 

sided  combat  into  the  anti-tank  weapons  test  program.  This 

jnay  be  readily  accomplished  by  equipping 'the  tank  with  a 

trainable  turret  and  gunfire  simulators. 

*  » 

3‘.  Target  Motion 

To  enhance  the  realism  of  the  engagement,  the ‘target  should 
be  capable  of  moving  along  a  pre-programmed  path.  This  path 
should  include  turns  to  alter  the  viewing,  angle  with  respect 
-  to  the  anti-tank  gun  crew,  and  should  take ■ advantage  of 
various  types  of  obscurae  (terrain,  vegetation,  smoke  and 
dust  generated  by  preset  charges,  etc.)  to  provide  elements 
of  surprise  and  reaction  time. 

♦  '  ,  a 

Several  methods'of  providing  controlled  target  motion  are 
suggested.  The  first  uses  a  self-propelled  (electric- or 
internal  combustion)  engine  controlled  via  radio  link  by 
an  operator  or  by  commands  generated  by  a  preprogrammed 
scenario.  The  radio  link  could  be  replaced  by  land  line, 
if  desired. 

A  second  method  employs  a  buried  wire  which  is  laid  along 
the  desired  course.  Electromagnetic  sensors  in  the  target 
vehicle  defect,  variations  in -distance  from  the  wire,  and 
generate  directional  corrections  to  the  target  control 
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system.  The  wire,  in  addition  to  providing  motion  control, 
may  be  used  to  transmit  commands  to  the  target  vehicle  {start, 
stop,  train  guns,  commence  firing,  change  speed,  etc.). 

4.  Automatic  Scoring 

Automatic  scoring  of  hits  and  near  misses  can  be  accomplished 
by  transmitting  target  sensor  data  to  the  range  data  collec¬ 
tion  center-  via  radio  link,  land  line,  or  via  the  above 
mentioned  buried  wire,  if  this  is  the  target  control  method 
used.  To  enhance  the  validity  of  test  results,  it  would  be 
desirable  to  record  the  actual  point  of  impact  on  the  target’ 
or  at  least  to  determine  the  general  impact  area.  This  will 
permit  more  precise  measurement  of  kill  probability  in  that 
variations  in  vulnerability  over  the  target  surface  to  a 
'given  anti-tank  weapon  system  can  be  taken  into  account.- 
In  particular,  it  may  be  desirable  to  differentiate  between 
mobility  (M)  kills  and  firepower  (F)  kills. 

-5.  Target  Survi vabi Vi ty 

Cost-effectiveness  considerations  dictate  that  the  target/ 
sensor  subsystem  be  capable  of  surviving  multiple  hits 
without  significant  degradation  in  performance  over  a 
reasonable  life'cycle. 

• 

Consideration  of  candidate  hit-sensing  systems-indicat.es 
that  electromechanical  impact  sensors  (accelerometers, 
piezoelectric  devices,  etc.)  may  not  perform  adequately  in 
the  presence  of  non-projectile  induced  accelerations  due  to 
target  motion  and-  are  liable  to  record  false  hits  resulting 

t 

from  flying  debris. 

Significantly  better  performance  can  be  expected  from 
sensing  systems  activated  by  a  change  in  electrical 
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properties  resulting  from  rupture  or  deformation  of  the* 
target  material  by  a  metallic  projectile.  Several  systems 
have  been  tested  of  which  H i t s k i n ,  manufactured  by  Joanell 
Laboratories,  appears  to  be  highly  suitable  for  this  applica 
tion. 

! 

Hitskin  employs  two  parallel  grids  imbedded  in  a  plastic 
-sheet' .("skin") .  A  dc  voltage  is  maintained  between  the 
grids  and  is  monitored  by  the  hit  scoring  subsystem.  A 
projectile  passing  'through  the  target  contacts  both  grids 
simultaneously,  generating  an  electric  pulse  for  the 
duration  of  its  passage.  ■' 

*  • 

Short  circuits  formed  by  deformation  of  the  target  surface 
ca-n  be  readily  removed  by  impressing  a  high'voltage  on  the 
target  to  burn  away  the  contacting  grids  and  restore  the 
sensor  system  to  full  efficiency.  It  is  expected  that, 
considering  the  relatively  low  rates,  of  fire  employed  in 
anti-tank  operations,  a  single  target  will  be  reusable  for  ’ 
many'  test  cycles.  The  Hitskin  system  has  the  further,  adv¬ 
antages  of  being  insensitive  to. vibration  or  minor  structur¬ 
al-deformation  and  of  permitting  separate  instrumentation 
of  selected  areas  on  the  target  surface  to  allow  the 
vulnerability  analyses  referred  to  above. 

DATA  TRANSMISSION 

The  'anti-tank  range  data  transmission  system  will  perform 
two  basic  functions:  the  data  link  subsystem  will  relay 
target  sensor  data  to  the  collection  center,  and  the 
command  link  subsystem  will  relay  target  commands  from  the 
control  center  to  the  target/sensor  subsystem.  A  block' 
diagram  ofvthe  data  transmission  system  is  given  in  Figure  2 
to  illustrate  the  interrelationship  of  the  data  and  command 
link  subsystems. 


COMMAND 

LINK 


DATA 

LINK 


Figure  2.  'Data  Transmission  System. 
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Two  basic  methods  for  implementing  the  link  subsystem 
should  be  considered:  direct  or  "hard"  wiring  via  land  line 
and  radio  frequency  (RF)  or  telemetry.  The  advantages  of 
land  lines  are  low  cost,  reliability,  design  simplicity  and 
ready  availability  of  off-the-shelf  components.  Where  the • 
target  complex  must  be  mobile  or  is  located  at  a  consider¬ 
able  distance  from  the  control  center,  RF  or  telemetry  link 
.is. an  attractive  alternative.  The  anti-tank  range  will' 
impose  such  requirements;  hence,  the  analysis  will  be 
directed  toward  the  use  of  RF  links  for  both  data  and 
command  transmission. 


As  shown  in  Figure  2,  the  data  link  relays  target  sensor 

data  to  range  control  and  display,  while  the  command  link 

«  * 

relays  target  commands  from  range  control  to  the  target 
compl ex. 

.The  data  link  and  the  command  link  can  use 'si ngle-channel 
transmission.  It  is  quite  possible  that  channel  assign¬ 
ments  for  such  a  data  transmission  system  will  be  in  the 
lower  portion  of  S-band  (about  1750  MHZ).  The  required 
band-width  of  each  link  will  depend. on  the  instrumentation 
of  the  target  complex.  It  is  safe  to  assume  the  required 
data  link  band-width  will  be  less  than  20  kHz  and  that  of 
the  command  link  considerably  less  --  perhaps  1  kHz. 

The  data  and  commands  will  have  a  digital  format.  The 
accuracy  of  the  data  and  command  links  is  guaranteed  by 
establishing  transmitter  power  levels  to  ensure  a  30db 

I 

si gnal -to-noise  ratio  (S/N)  at  the  input  to  the  detector 

t 

■or  each  receiver.  This  value  of  S/N  will  guarantee  a  bit 
error  ratevless  than  10~5. 


Power  limitations,  particularity  at  the  target  complex,  and 
reliability  and  transportability  considerations  require 
-that  good  design  practices  be  followed  in  specifying  and 
fabricating  the  receiver  and  transmitter  units.  Within 
the  transmitter-receiver  package  at  the  target  complex, 
there  will  be  duplexer  to  permit  operation  of  the  trans¬ 
mitter  and  receiver  in  a  two-way  simulaneous  system.  This 
'same  package  is.  useable  at  the’ central  site  to  receive 
signals  from  the  target  complex  andto  drive,  the  central 
site  power  amplifier. 

The  central  site  will  use  horn  antennas  for' both  trans- 
miss-ion  and  reception.  Where  necessary,  the  antennas  can 
be  mounted  on  a  tower  (up  to  about  50  feet  in  height)  to 
provide  line-of-sight  conditions  between  the  target  complex 
antenna  and  the  central  site  antennas.  • 

I 

t 

Several  factors  require  consi derati o-n  in  specifying  the 
type  of  modul  ation.  These  include  ease  of  modulation  and 
demodulation,  power  amplifier  linearity  requi rements ; 
system  bandwidth,  and  multipath  effects. 

Frequency*  shi  ft  keying  (FSK)  has  been  a  popular  choice  of 
modulation  because  of  the  simplicity  and  reliability  of 
modulation  and-  demodulation  circuits.  For  example,  a 
voltage-controlled  astable  multivibrator  is  a  simple, 
reliable,  versatile  frequency  modulator.  For  demodulation 
of  ap  FSK  signal,  conventional  ratio  detectors  can  be  used. 


Somewhat  more  complicated  but  more  versatile  and  accurate 
than  a  ratio  detector  is  a  pulse-counting  discriminator, 
(boxcar' defector) . 
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Phase-reversal  modulation  is  worthy  of  consideration  because 
of  new,  simple  techniques  of  modulation  and  demodulation. 
Further, -theory  indicates,  and  experimental  results  confirm, 
that  phase-reversal  modulation  is  an  optimum  form  of  digital 
data  transmission  in  the  sense  that  it  provides  minimum 
error  probabi 1 i ty  for  a  .given  value  of  si  gnal-to-noise  ratio 

Because  of  the  general  availability  of  components  and  sub¬ 
systems  designed  for  use  with  systems  using  FSK  modulation, 
special  attention  in  the  study  should  be  given  to  use  of 
FSK.  The  techniques  for  handling  FSK  signals  are  well- 
known  and  can  be  easily  understood  by  operational  and 
maintenance  personnel  with  a  minimum  of 'special, ized 
education  or  training. 

For  purpose  of  analysis,  the  range  of  the  communication 
(data  and  commands)  link  is  assumed  to  be  5  miles  (line-of- 
sight  path).  For  a  si  gnal -to-noise,  ratio  of  30  db  and  a 
bandwidth  of  20  kHz,  the  required  transmitter  power  can  be 
calculated  as  foil ows : 

Data  Channel  RF  link  calculation: 


Target  complex  duplexor  and  cable  loss  2.5  db 

Transmitter  antenna  gain  (half-wave  dipole)  1.2  db 
Path  loss  at  1750  MHZ  (5  miles,  free  space)  116.0  db 
Receiver  antenna  gain  (horn)  .  14.0  db 

Receiver  cable  loss  *  •,  5  db 

Receiver  noise  level  (20  kHz  bandwidth)  131.0  dbm 

Receiver  noise  figure  8.0  db 

Carrier- to-noise  ratio  required  30.0  db 


For  these  conditions,  the  required  received  signal  power 
Pr  is  -131  dbm  +  8  db  +  30  db  =  -93  dbm.  The  required 


.transmitter  power  is  -93  dbm  plus  an  additional  amount 
to  overcome  the  losses  minus  system  gain.  Therefore,  P^  = 

-  93  dbm  +  2.5  db  -  1.2  d b  _  116  db  -  14  db  +  0.5  -db  = 

+10.8  dbm  or  10  in  watts. 

In  the  above  calculations,  the  path  loss  a  was  determined 
by  using  the  standard,  well-known  formula: 

a  in  db  =  37  +  20  log  f  +  20  log  d 

where  f  is  carrier  frequency  in  MHZ  and  d  is  distance  in 
miles.  Setting  f  =  1750  and  d  =  5  gives  a  =  116. 

*  » 

The  receiver  noise  level  Pn  in  watts  is  given  by: 

Pn  =  kTB  watts  =  kTB  x  1  03  m  watts 

'  \ 

where 

«  *  *  *  -23 

k  =  Boltzmann's  constant  -  1.38  x  10  joules/degree 

Kelvin. 

•  * 

T  =  *  absolute  temperature  in  degrees  Kelvin  -  293° 
assumed  (room  temperature). 

B  =  bandwidth  in  tlz  =  2  x  10^  assumed. 

In  dbm,  Pn  =  10  log  (kTB  x  103)  =  131  dbm. 

From  this  calculation,  a  10  milliwatt  transmitter  at  the 
target  complex  is  considered  adequate  for  the  range-scoring 
system.'. 


Calculations  for  the  command  link  proceed  in  a  like  manner. 
The  transmitter  power  required  will  be  less  than  for  the 
data  link  because  of  the  reduced  command  link  bandwidth. 

In  general,  the  range  of  a  microwave  communications  system 
increases  with  the  height  of  the  antenna  above  the  surround 
ing  terrain.  .For  this  reason,  and  to  achieve  more  nearly 
1 ine-of-si g h t  transmission  at  a  variety  of  locations,  the 
central  site  should  have  a  provision  for  an  antenna  tower 
whose  height  will  be  dictated  by  terrain  considerations. 

t 

The  transmitting  and  receiving  antennas  can  be  identical 
units  spaced  about  three  feet  apart  on  the  -tower.  Horn 
antennas  with  a  20°  elevation  plane  and  a  30°  azimuthal 
beamwidth  should' be  considered.  These  vertically  polarized 
antennas  are  approximately.  15  inches  (H-plane)  by  22  inches 
(E-plane)  by  24  inches  long  and  have  a  midband  gain  in 
excess  of  14  db.  This  antenna  is  more  efficient,  less 
complex,  less  expensive  than  a  parabolic  antenna. 

A  low-noise  preamplifier  will  be  located  on  the  tower  near 
the  receiving  antenna  to  minimize  the  effect  of  cable  loss, 
thereby  Improving  system  sensitivity.-  To  protect  the 
amplifier  from  the  strong  transmitter  signals,  a  bandpass 
filter  is  placed  between  it  and  the  receiving  antenna. 

The  antenna  complex,  therefore,  will  include  the  tower, 
transmitting  antenna,  receiving  antenna,  preamplifier,  and 
bandpass  filter*. 

The  target  complex  communications  equipment  both  transmits 
and  receives  signals.  Outputs  from  the  target  transducers 
are  encodejd  into  a  two-level  digital  format  (code  word) 
which  becomes  the  carrier  modulating  signal.  The  modulated 
carrier  .wi 1 1  be  frequency  multiplied,  amplified,  and 


delivered  to  a  dipole  antenna  for  transmission.  The  command 
signals  from  the  central  site  will  be  received  by  the  common 
dipole  antenna,  demodulated,  decoded,  and  routed  to  the 
appropriate  .target  actuating  mechanisms. 

The  antenna  at  the  target  complex  should  be  compatible  with 
the  severe  environment  and  be  as  inconspicuous  as- possible. 
'■One  feasible  approach  is  to  minimize  antenna  size,  which 
will  have  the  further  advantage  of  a  low  probability  of 
being  hit  by  projectiles. 

CONTROL  AND  DISPLAY  .  _ 

The  central  control  and  display  system  will’  be  utilized  to 
control  the  presentation  of  targets  and  simulator  fire  and 
to  monitor  general  range  operation.  Targets  may  be  con-  • 
trolled  manually  or  by  computer  command  tapes.  Not  only 
must  hits  and  near  misses  be  displayed  at  the  center,  but 
there  is  also  a  requirement  that  there  be  displays  or  range 
status  sufficient  to  permit  the  range  officer  to  effectively 
control  the  range  from  a  remote  location.  Adequate  communi¬ 
cations  must  be  maintained  with  the'woapon  crew  and  test 
observers.  ' 

f 

Numerous  display  devices  are  available,  ranging  from, simple 
readouts  of  round  counts,  target  status,  and  location  and 
hit  data  to  elaborate  computer  driven  CRT  displays.  The 
decisive  factors  in  selecting  display  equipment  will  be 
cost  and  the  requirements  imposed  by  target  sensor  and 
data  links. 

I 

The  central  control  and  display  subsystem  should  provide 
for  accumulating,  di  splayi  ng ,.  and  storing  hit  and  near- 
miss  data.  Additionally,  it  must  provide  a  means  for 
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controlling  the  entire  firing  exercise,  to  include  target 
area  presentations,  simulator  fire  control,  and  crew 
performance  monitoring. 

the  requirement  for  a  digital  computer  would,  of  necessity, 
be  dependent  on  incoming  data  characteristics  and  rates  as 
well  as  processing  requirements.  Should  analysis  of  these 
■parameters  show  that  a-  digital  computer  is  not  required, 
several,  di spl ay  options  are  available  to  include  a  topo¬ 
graphical  display  readout  of  target  hits.  Multi-channel 
recorders  may  be  used  to  record  telemeter, ed  or  land  line 
data  which  would  be  correlated  wi'th  other  required  range' 
events. 

A  small  or  medium  size  digital  computer  could  accept  all  , 
incoming  data,  record  it  on  a  permanent-  record  and  be 
coupled  to  display  devices  of  various  types.  An  analysis 
of  the  required  incoming  data  character  rates  as  well  as 
'display  requirements  would  dictate  the  computer  size  and 
processing  capabilities. 

The  display,  subsystem,  controlled  by  the  computer,  could 
consist  o'f  topographical  range  layouts  coupled  with  lighted 
target  positions  and  direct  digital  readout  of  total  hits, 
misses,  or  other  required  target  events  received  at  the 
control  computer.  It  shall  be  noted  that  this  display 
technique  would  not  necessarily  require  a  computer. 

Instead  of,  or  in  addition  to,  the  above  display,  a  large 
CRT  (cathode  ray  tube)  display  of  target . pos i ti ons  and 
wpapon  emplacement  could  be  directly  coupled  to  the 
digital  computer.  Further,  digital  computer  could  simul¬ 
taneously  record  this  video  output  utilizing  a  video 
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recorder,  permitting  a  post  test  rerun  of  CRT  display  as 
recorded  during  the  run.  All  recorded  data  would  be 
available  for  post  test  analysis  and/or  crew  debriefing. 


Section  7 


\ 

\ 

RANGE  SUPPORT  SOFTWARE 


If  data  requirements  dictate  the  use  of  a  computer  in  con¬ 
junction  with  the  anti-tank  weapons  test  range,  it  will  be 
-necess.ary  to  design  and  implement’  support  software  to  per¬ 
form  a  variety  of  functions.  Thesewill  include,  but  not 
necessarily  be  limited  to  the  following: 

1 .  Master  control 

2.  -Interrupt  monitor 

3.  Display  drivers 

'  ~ '4.  "Command  generation 

5.  Data  correlation  and  analysis 

I 

A  brief  description  of  each  of  the  above  will  be  presented 
■in  the  following  paragraphs. 

■  1 •  Master  Control 

*  ♦  -.-r- 

As  its  name  implies,  the  Master  Control  (MC)  program  pro¬ 
vides  overall  control  of  test  support  software  during 
execution.  Specifically,  MC  initiates  and  controls  task 
sequences,  load's  programs  and  data  sets  from  a  master  file 
(tape  or  disc),  provides  a  central  input/output  function, 
allocates  storage,  and  generates  error  alarms. 

2 •  Interrupt  Monitor 

During  the  conduct  o'f  an  anti-tank  weapons  test,  the  com¬ 
puter  will  be  programmed  to  service  inputs  from  the  range 
instrumentation  system  as  they  occur.  This  will  be 
accomplished  by  the  use  of  interrupts,  which  transfer 
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control  to  the  appropriate  service  .subroutine  via  MC 
immediately  upon  arrival.  The  service  subroutine  processes 
the  incoming  data,  returning,  control  to  the  interrupted 
program  upon  completion.  It  m.ay  be  necessary  to  establish 
a  priority  interrupt  system  in  which  lower  priority  service 
requests  are  queued  to  avoid  interrupting  critical  sequences. 
A  block  diagram  of  the  Interrupt  Monitor  (IM)  and  its  inter¬ 
face  with  MC  is  shown  in  Figure  3.  .  ■  • 

S 

i 

,  Queued  programs  will  be  processed  in  priority  sequence  upon 
completion  of  the  highest  priority  program,  under  control 
of  MC ,  as  shown  in  Figure  4  .  ’ 

3.  Display  Drivers 

The  -display  programs  convert  .and  format  test  data  for 

presentation  at  the  data  collection  center.  The  precise 

specifications  for  these  subroutines  will  be  dependent  upon 

the  characteristics  of  the  di spl ay  .units  at  the  center. 

*  * 

4'.  Command  Generation 

The  function  of  the  command  generation  program  will  .be  to 
prepare  cli g i t a  1  data  for  transmission  to  the  target  complex 
via  command  link.  If  the  scenario  calls  for  conditional 
execution  of  commands  .(e.g. ,  stop  when  hit),  the  command 
•generation  programs  will  be  an  integral  part  of.  the 
real-time  support  system. 

5 .  Data  Correlation 

This  category  encompasses  a  set  of  programs  to  be  used 
primarily  in  post-exercise  analysis  of  test  results,  and 
would  include. a  standard  set  of  statistical  procedures, 
i  sorting,  collating,  and  time-tagging  programs  and  report 
generators . 
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BUILD  QUEUES  (See  Note) 
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ing  -upon  the  interrupt  '  , 

priority.  ■  / 


Figure  4  .  Queue  Processing 


Note:''  The  initial  queue  will  consist  of  the  nominal  task 
.  sequence. 
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HUMAN, FACTORS 


Human  factors  considerations  pertinent  to’ the-  conduct  of 
weapons  systems  testing  fall  into  several  broad  categories 
•  which  will  be  treated  i.n  this,  section.  These  are.  individual 
proficiency,  unit  proficiency,  combat  realism  (and  the 
imposition  of  stress).,  and  motivation.  Generally,  these 
factors  are  not  as  subject  to  rigid  experimental  control  as 
are  other  aspects  of  test  procedures,  so  it  will  be  necess¬ 
ary  to  design  means  of  minimizing  or  correcting  for  bias  in 
test  data  resulting  from  them. 

t  «  . 

1 .  Individual  Proficiency 

Test  personnel  in  each  category  should  be  close  to  the  norm 
in  proficiency  for  that  specialty,  and  should  be  represen¬ 
tative  of  the  proficiency  level  which  could  be  expected  of 
field  combat  troops.  Selection  should  be  bases  on  such 
objective  criteria  as,  MOS,  experience  in  MOS  and  profici¬ 
ency,  and  duration  a'nd  nature  of  combat  experience. 

♦ 

2.  Unit  Proficiency 

The  proficiency 'of  a  group  of  test  personnel  should  be 
assessed  and  compared  with  established  norms  before  con¬ 
ducting  tests.  'This  is  particularly  essential  in  compara¬ 
tive  testing  of  complex  weapons  systems  (e.g.,  TOW)  in  which 
minor  differences  in  operator  efficiency  can  vitally  affect 
:  test  resul  ts .  Leadership  should  be  assessed  in  conjunction 

with  evaluating  unit  proficiency,  particularly  in  test 
situations  *which  will  require-  decision-making  under  extreme 
time  constraints. 
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Uniformity  in  proficiency  will  generally  be  enhanced  by  sub¬ 
jecting  the  units  to  a  modified  and  abbreviated  Army  Train¬ 
ing  Test  (ATT)  and  correcting  any  noted  deficiencies  before 
conducting1  tests . 

3 .  -Combat  Realism  and  Stress 

Introduction  of  combat  realism  into  a  test  environment  is 
recognized  as  a  -major  problem  to  which  no  completely  satis¬ 
factory  solution  lias  been  found.  Simply,  stated,  no  adequate 
.method  has  been  devised  to  present  the  test  subject  with  a 
credible  threat  to  his  life  in  a  simulated  combat  situation 
wherein  only  the  subject's  side  employs  live  fire.  Hence, 
the  basic  motivations  of  individual  and  unit.- survi  val  nay  be 
largely  absent  and  must  be  replaced  by  alternates.  Possible, 
alternatives  will  be  discussed  in  the  following  section.  • 

The  combat  environment,  in  terms  of  auditory  -and  visual 
stimuli,  can  be  approximated  to  any  degree  desired,  cost 
being  'the  major  determinant.  In  particular,  return  fire 
from  the  target  can  be  simulated,  as  can  the  smoke  and  dust 
typical  of  an  engagement. 

Generally,  stress  can  be  introduced  by  requiring  the  subject 
to  conduct  monotonous  and  repetitive  tasks  in  the  presence 
of  constant  distractions,  by  requiring  the  performance  of 
complex  tasks  under  severe  time  constraints,  by  requiring 
decisions  in  the  presence  of  excessive  and  often  irrelevant, 
information  inputs  (information  overload),  and  by  sleep 
deprivation.  Test  scenarios  should  employ  such  techniques 
to  enhance  the  validity  of  test  results. 

4 .  Motivation 

As  discussed  previously,  the  motivation  of  survival  cannot 
be  duplicated  without  actually  subjecting  the’  subject  to  a 


*  5- 


38 


threat  to  his  ]ife.  Therefore,  other  means  of  motivating 
these  test  subject  must  be  explored.  Field  tests  with  pro¬ 
longed  and  repetitive  trials  tend  to  induce  apathy  and 
fatigue  among  the  subjects,  and  unless  the  motivation  levels 
are  controlled  unacceptable  variations  in  group  performance 
may  result. 

Motivation  can  be  .introduced  by  creating  a  gain-or-loss  ,  • 

situation  wherein  the  subject  gains  or  loses  depending  on 
.the  quality  of  his  performance.  References  in  these  areas 
are  given  in  the  Annex  A,  Bibliography  (items  33-37). 

Any  feasible  motivational  scheme  requires  a  scoring  system 
in  which  the  subject  is  quickly  aware  of  the  consequences 
of ‘his  actions.  Thus,  informed,  he  will  modify  his  future 
actions,  becoming  goal-directed  and  generally  improving 
his  'performance.  It  should  be  stressed,  however,  that  the 
scoring  and  reward/puni shment 1  schemes  should  not  be  allowed 
to  become  a  "game"  in  themselves  and  to  obscure  the  overall 
test  objective. 


Annex  C 


GLOSSARY  AND  DEFINITIONS 


ATGM  -  Anti-Tank  Guided  Missile. 

B'eacon  -  A  radio  frequency  transmitter  mounted  on  a  mobile 
object  to  facilitate  tracking,  by  remote  antennas. 

Doresi ght  -  Device  used  to  align  the  axis  of  the  bore  of  a 
gun  with  an  aiming  point  (AR  320-5). 

Boresighting  -  Process  by  which  the  axis  of  a  weapon  and/or 
antenna  is  aligned  optically  or  electronically  to  be  parallel 
with  or  to  specified  convergence  with  the  line  of  sight  of 
its  associated  sighting  instruments  (AR  320-5).  • 

’Direct  Fire  Gunfire  or  missile  launch  delivered  on  a  target, 
using  the  target  itself  as  a  point  of  aim  for  either  the  guns 
or  the  director  (AR  320-5). 

Effective  "Range  -  The  maximum  distance  at  which  a  weapon  may 
be  expected  to  fire  accurately  to  inflict  casualties  or 
damage  (AR  320-5). 

»  F-ki 11  -A  hit  or  hits  on  target  which  disable  the  tank's  guns. 

Guided  Missile  -  An  unmanned  vehicle  moving  above  the  surface 
of  the  earth,  whose  trajectory  or  flight  path  is  capable  of 
being  altered  by  an  external  or  internal  mechanism  (AR  320-5). 

,  v 

HAW  -  Heavy  Assault  Weapon  (See  TOW). 


Hitski n  -  -A  target  material  manufactured  by  Joanell  Corpora¬ 
tion  employing  parallel  electrical  grids  imbedded  in  plastic 
as  a  means  of  detecting  and  locating  projectile  penetration. 

LAW  -  Light  Assault  Weapon, 

5 

M- kill  -  A  hit  or  hits  on  target  which  immobilize  the  tank. 

MAW  -  Medium  Assault  Weapon. 

Operational  Evaluation  -  The  test  and  analysis  of  a  specific 
"end  item  or  system,  as  far  as  practicable  under  Service 
operating  conditions,  in  order’  to ' determine  if  quantity  pro¬ 
duction  is  warranted  considering  (a)  the  increase  in  military 
effectiveness  to  be  gained,  and  (b)  its  effectiveness  as 
compared  with  currently  available  items  or  systems,  considera¬ 
tion  being  given  to  (1)  personnel  capabilities  to  maintain 
and  operate  the  equipment  and  (2)  size,  weight,  and  location 
considerations,  and  (3)  enemy  capabilities  in  the  field. 

(AR  320-5). 

Pk  -  Kill  Probability  -  (See  definitions  of  M-kill  and  F-kill). 

9 

Recoi 11  ess  -  Term  applied  to  certain  weapons  employing  high 
velocity  gas  ports  (jets)  to  counteract  recoil.  (AR  320-5). 

Recoilless  Rifle  -  Projectile  firing  weapon  in  which  the 
rearward  movement  resulting  from  firing  is  essentially 
eliminated.  (AR  320-^5). 

I 

Recoilless  Rifle  (Heavy)  -  A  weapon  capable  of  being  fired 
from  either  a  ground  mount  or  from  a  vehicle  and  capable 
of  destroying  tanks.  (AR  320-5).  • 
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Recoilless  Rifle  Operation  -  Th.e  recoilless  ammun.ition  cart¬ 
ridge  case  is  perforated  to  permit  expanding  gases  of  ignited 
propellant  powder  to  escape  evenly  into  the  enlarged  reaction 
chamber.  These  gases  exert  equal  pressure  in  all  directions, 
within  the  chamber.  Pressure  to  the  front  against, the  slop¬ 
ing  wall  .of  the  chamber  equals  the  force  to  the  rear  against  • 
closed  portions  of  the  breech.  The  remainder  of  the  force 
exerted  by  the  gases  causes  a  conventional  weapon  to  recoil. 

In  a  recoilless  rifle,  the  remaining  gases  are  permitted  to 
excape  to  the  rear  through  openings  in  the  breech.  Therefore, 
the  rifle  remains  motionless  when  fifed.  (FM  23-82)'. 

Reliabili ty  -  The  probability  of  a  device  performing  its 
mission  adequately  for  the  period  of  ti me  .i n'tended  under  the 
operating  conditions  expected  to  be  encountered. 

Spotting  Gun  -  A  gas  operated,  air-cooled,  magazine-fed, 
semi-automatic  weapon  designed  to  assist  the  gunner  in 
determining  range  and  leads  to  the  target,  firing  special 
caliber  spotting  ammunition.  (FM  23-82).' 

t 

TOW  -  Tube  launched  Optically  tracked,  W.i re-commanded 

missile  system. 

♦ 
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Annex  D 


PERT  ANALYSIS 

The  following  pages  present  a  summary  PERT  analysis  of  the 
anti-tank  weapons  test  methodology  study,  leading  to  the 
establishment  of  an  anti-tank  weapons  test  range,  the  conduct 
of  weapons  tests  under  quasi-combat  conditions,  and  the 
preparation  of  a  final  report  on  the  first  of  a  series  of 
tests  to  be  conducted  on  the  range. 
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ABSTRACT 

The  Infantry  Board  is  engaged  in  a  five  year  Infantry  Weapons  Test 
Methodology  Study.  Antitank  weapon  systems  were  addressed  in  this  study 
and  this  review  outlines  the  analytical  approach  undertaken.  The  review 
discusses  the  interaction  of  combat  actions  and  combat  tasks  as  well  as 
categories  of  effectiveness.  Representative  combat  actions  are  selected 
and  definitive  measures  of  effectiveness  (MOE)  are  presented. 
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DEPARTMENT  OF  THE  ARMY 
UNITED  STATES  ARMY  INFANTRY  BOARD 
Fort  Benning,  Georgia  31905 

STEBC-CT 

INFANTRY  ANTITANK  WEAPONS  METHODOLOGY  REVIEW 

1.  PROBLEM.  To  validate,  through  the  consideration  of  Infantry 
combat  actions  and  the  resulting  characteristic  individual  weapon 
performance  or  actions,  the  measurements  that  will  permit  dis¬ 
criminations  to  be  made  between  competing  antitank  weapons  systems. 
These  measurements  should  provide  discriminations  between  competing 
weapons  systems.  Conclusions  and  recommendations  are  desired. 

2.  ASSUMPTIONS. 

a.  Current  doctrine  concerning  the  mission,  employment,  and 
role  of  the  antitank  weapon  and  crew  in  combat  will  not  materially 
change  in  the  near  future. 

b.  Weapons  tested  on  the  to -be -developed  range (s)  will  continue 
to  fire  a  solid  projectile  or  missile. 

c.  Sufficiently  qualified  test  officers  and  scientific  and 
engineering  specialists  are  available  within  the  Infantry  Board  to 
conduct  weapons  systems  evaluations  and  tests  efficiently  and  to 
reduce  and  analyze  the  collected  data. 

d.  Current  weapon  development  will  continue  to  experience  only 
small  differences  between  competing  antitank  weapons  systems. 


and  training  literature  (Annex  I).  As  a  result  of  this  research 
24  separate  combat  actions  were  identified  and  listed. 

c.  A  list  of  the 'various  critical  tasks  normally  accomplished  • 
by  the  individual/crew  when  executing  the  combat  actions  listed  in 
Annex  B  was  prepared  after  further  researching  all  of  the  pertinent 
doctrinal  and  training  literature.  As  a  result  of  this  further 
study,  13  separate  critical  combat  tasks  were  identified  and  listed 
(Annex  C  ) . 

d.  The  critical  combat  tasks  and  the  combat  actions  were  com¬ 
bined  in  a  "Task/Action  Concept  Table"  (Annex  D)  to  determine  the 
critical  tasks  which  must  be  performed  for  each  combat  action. 

Since  the  review  covers  all  categories  of  Infantry  antitank  weapons, 

a  method  was  devised  to  divide  these  weapons  into  four  separate  clas¬ 
sifications  in  order  to  examine  more  carefully  each  weapon  system 
configuration.  The  four  classifications  (light  antitank w eapons, 
medium  antitank  weapons,  ground -mounted  heavy  antitank  weapons, 
and  vehicle-mounted  heavy  antitank  weapons)  made  it  possible  to 
consider  each  classification  independently  of  the  other  three. 

e.  Consideration  of  the  critical  combat  tasks  which  must  be 
performed  in  support  of  the  24  combat  actions  revealed  the  following 
facts: 

(1)  All  of  the  critical  ccuiDat  tasks  must  be  performed  in 
support  of  the  24  combat  actions.  . 
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grouped  into  representative  combat  actions  which,  in  their  reduced 
form,  continued  to  represent  all  the  characteristics  of  the  original 
24  combat  actions.'  On  the  basis  of  this  reduction  the  number  of 
combat  actions  was  reduced  from  24  to  7  representative  combat  actions. 

f.  The  categories  of  effectiveness  needed  to  actually  discrimi¬ 
nate  between  competing  weapons  systems  were  derived  mainly  from  a 
detailed  study  of  the  pertinent  QMR's.  In  addition,  extensive  use 
was  made  of  any  information  gained  from  similar  type  testing,  inter¬ 
views  with  experienced  test  officers,  and  other  studies  in  the  weapon 
methodology  field.  The  resulting  categories  of  effectiveness  (such 
as  accuracy,  responsiveness,  reliability,  and  sustainability)  were 
used  as  the  basis  for  organizing-  the  various  measures 

of  effectiveness  (MOE)  (Annex  F).  These  MOE  are  the  measurable  param¬ 
eters  used  to  measure  effectively,  and  thereby  evaluate  properly, 
small  differences  between  competing  weapons  systems.  The  MOE  are 
discussed  by  category  of  effectiveness  in  Annex  F  .  Each 
MOE  is  considered  separately  in  order  to  show  its  individual  importance 
and  reason  for  selection. 

g.  The  MOE  and  the  representative  combat  actions  are  both  neces¬ 
sary  to  insure  that  competing  weapons  systems  are  examined  and  tested 
in  as  much  detail  as  possible.  The  representative  combat  actions 
should  be  used  to  provide  the  nucleus  for  a  test  scenario.  Proper 
testing  should  provide  for  all  7  representative  combat  actions  to  be 
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(2)  Further  consideration  of  the  Infantry  combat  actions  is 
not  materially  useful  for  the  purpose  of  determining  measurements 
which  will,  by  themselves,  permit  discriminations  to  be  made  between 
candidate  antitank  weapons  systems.  Detailed  analysis  of  the  24 
combat  actions  was  made  in  an  attempt, to  reduce  the  number  of  combat 
actions  for  realistic  testing  within  time  limitations  (see  Annex  E) . 
As  an  analysis  tool  the  combat  actions  were  divided  into  two  dis¬ 
tinct  subgroups:  static  operations  and  mobile  operations.  The 
rationale  used  in  the  selection  of  these  two  particular  subgroups 
is  based  upon  one  major  factor:  the  primary  difference  between 
critical  combat  tasks  performed  in  support  of  the  various  combat 
actions  is  the  degree  of  mobility  of  the  individual /crew  weapon 
combination  at  the  moment  of  engagement.  In  a  surprise  engagement 
the  actions  of  the  crew  in  a  prepared  position  would  differ  from 
those  of  a  crew  maneuvering  in  a  tactical  situation.  The  term 
"static  operations"  as  used  in  this  review  implies  that  the  crew/ 
weapon  combination  is  in  a  static,  prepared  position  at  the  time  of 
engagement.  The  term  "mobile  operations"  implies  that  the  crew / 
weapon  combination  is  either  moving  or  preparing  to  move  at  the 
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time  of  engagement.  The  further  reduction  of  combat  actions  was 
performed  by  combining  the  combat  actions  within  the  two  groups  on 
the  basis  of  the  critical  combat  tasks  performed  and  the  similarity 
of  the  combat  actions  themselves.  ,  The  combat  actions  were  then 
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grouped  into  representative  combat  actions  which,  in  their  reduced 
form,  continued  to  represent  all  the  characteristics  of  the  original 
24  combat  actions.  On  the  basis  of  this  reduction  the  number  of 
combat  actions  was  reduced  from  24  to  7  representative  combat  actions. 

f.  The  categories  of  effectiveness  needed  to  actually  discrimi¬ 
nate  between  competing  weapons  systems  were  derived  mainly  from  a 
detailed  study  of  the  pertinent  QMR's.  In  addition,  extensive  use 
was  made  of  any  information  gained  from  similar  type  testing,  inter¬ 
views  with  experienced  test  officers,  and  other  studies  in  the  weapon 
methodology  field.,  The  resulting  categories  of  effectiveness  (such 
as  accuracy,  responsiveness,  reliability,  and  sustainability)  were 
used  as  the  basis  for  organizing-  the  various  measures 

of  effectiveness  (MOE)  (Annex  F).  These  MOE  are  the  measurable  param¬ 
eters  used  to  measure  effectively,  and  thereby  evaluate  properly, 
small  differences  between  competing  weapons  systems .  The  MOE  are 
discussed  by  category  of  effectiveness  in  Annex  F.  Each 
MOE  is  considered  separately  in  order  to  show  its  individual  importance 
and  reason  for  selection. 

g.  The  MOE  and  the  representative  combat  actions  are  both  neces¬ 
sary  to  insure  that  competing  weapons  systems  are  examined  and  tested 
in  as  much  detail  as  possible.  The  representative  combat  actions 
should  be  used  to  provide  the  nucleus  for  a  test  scenario.  Proper 
testing  should  provide  for  ail  7  representative  combat  actions  to  be 
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used  in  order  to  test  the  weapons  system  under  every  normally  con¬ 
ceivable  combat  situation.  The  MOE  and  their  relationship  to  the 
representative  combat  actions  are  shown  in  Annex  G.  This  annex  '  ■ 
reveals  that  the  majority  of  the  MOE  can  be  gathered  for  each  repre¬ 
sentative  combat  action.  The  MOE  which  cannot  actually  be  considered 
under  any  representative  combat  action  classification  is  that  MOE 
which  deals  with  crew  training  requirements.  This  training  MOE  is 
felt  to  be  a  very  valuable  discriminator  in  weapons  testing  and 
should  be  obtained  under  other  than  combat  conditions.  The  impor¬ 
tance  of  this  MOE  is  clearly  demonstrated  when  considering  the  crew 
training  requirements  for  the  ENTAC  missile  system  versus  the  TOW 
system. 

h.  For  the  purpose  of  this  review  an  antitank  range  was  designed 
to  demonstrate  the  physical  requirements  necessary  to  test  antitank 
weapons  in  conjunction  with  6  of  the  7  representative  combat  actions 
developed  in  this  review  (combat  in  cities  was  omitted).  The  proposed 
range  meets  all  the  requirements  imposed  by  the  latest  QMR's  relating 
to  antitank  weapon  performance  requirements . 

5 .  CONCLUSIONS . 

a.  The  MOE  discussed  in  this  review  are  valid  dis¬ 
criminators  between  competing  antitank  systems. 

h.  An  antitank  weapons  test  facility  should  provide,  realistic 
combat-type  situations vherein  measurements  are  taken  in  real  time 


through  instrumentation  and  do  not  require  interruption  of  testing. 

c.  The  study  of  the  combat  actions  enabled  the  identification  of 
representative  combat  actions  necessary  to  evaluate  adequately  the  MOE 
in  a  combat  environment.  The  reduction  of  the  combat  actions  provides 
the  test  officer  with  a  firm  foundation  upon  which  to  organize  and  to 
conduct  a  complete  and  comprehensive  weapons  test. 

6.  FJSCOMMENDAT  TON . 

a.  The  MOE  be  accepted  for  use  in  future  USAIB  tests. 

b.  The  methodology  and  conclusions  of  this  review  be  submitted  to 
the  Litton  Project  Director  for  use  in  the  Antitank  phase  of  the  Infantry 
Weapons  Test  Methodology  Study. 
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DISCUSSION  OF  ANTITANK  WEAPON  EMPLOYMENT 

1.  Increasing  emphasis  is  being  placed  on  the  development  of  armored 
and  mechanized  units.  The  Infantryman  must  be  prepared  to 
operate  on  a  battlefield  dominated  by  armored  formations.  (FM  23-3, 
chapter  1,  Section  I.)  In  order  to  operate  effectively  he  must  have 
a  relatively  lightweight,  man-  or  vehicle -portable,  antitank  weapons 
system. 

2.  Antitank  weapons  fall  into  three  categories:  light,  medium,  and 
heavy.  For  the  most  part  the  weapons  are  direct  fire  or  line -of -sight 
systems.  Only  recently  have  antitank  projectiles  been  made  .control¬ 
lable  in  flight  (such  as  the  wire-guided  systems). 

3.  The  employment  of  antitank  weapons  is  somewhat  varied  depending 
upon  the  size  of  the  weapon  and  the  tactical  situation.  However, 
there  are  certain  overriding  principles  which  govern  the  successful 
use  of  organic  and  attached  antitank  weapons  for  small  units  (squad, 
platoon,  and  company).  These  units  will  habitually  have  certain  com¬ 
binations  of  antitank  weapons  to  employ.  Regardless  of  the  number  and 
types  of  antitank  weapons  a  unit  has,  it  should  strive  for  the  following 

a.  Antitank  weapon  positions  which  provide  good  fields  of  fire 
out  to  the  maximum  range  of  the  weapon  system. 

b.  Antitank  weapons  positions  which  are  mutually  supporting. 
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c.  Antitank  weapon  positions  which  provide  all-around  antitank 
defense  in  depth. 

d.  Selection  of  alternate  and  supplementary  positions  which 
allow  weapon  crews  to  displace  frequently  and  rapidly  without  losing 
effectiveness . 

e.  Local  security  for  antitank  crews  which  is  integrated  with 
other  elements  of  the  unit. 

4.  When  engaging  armored  formations,  the  unit  must  attempt  to  sep¬ 
arate  the  tanks  from  the  accompanying  Infantry  by  using  artillery 
and  small  arms  fire.  If  tanks  are  accompanied  by  armored  personnel 
carriers,  antitank  weapons  should  concentrate  on  the  tanks  initially, 
using  the  principle  of  engaging  the  most  dangerous  target  first. 

Unit  leaders,  through  fire  control  and  fire  discipline,  must  insure 
that  weapon  crews  distribute  their  fires  in  sector  while  maintaining 
antitank  fires  throughout  the  unit  zone. 

5.  When  individuals  or  small  units  are  forced  to  engage  tanks,  a 
maximum  effort  should  be  made  to  isolate  and  to  engage  the  tanks 
separately.  Ideally,  engagement  should  be  made  where  tanks  are 
most  channelized  and  where  freedom  of  movement  is  limited. 

6.  Antitank  weapons  are  normally  employed  from  a  stationary  posi¬ 
tion.  This  may  be  a  carefully  prepared  position  or  it  can  be  a 
position  chosen  at  random,  as  might  occur  in  a  chance  engagement. 
Since  antitank  weapons  are  primarily  line-of -sight-type  systems, 
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it  would  appear  that  the  only  major  differences  in  method  of  employ 
ment  between  types  of  engagements  would  be  attributable  to  weapon 
mobility  (preparing  the  weapon  for  transport,  transporting,  and 
dismounting  to  prepare  the  weapon  for  firing). 
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AMEX  B 

COMBAT  ACTIONS  CONSIDERED 

1.  The  combat  actions  list  was  prepared  after  researching  all  per¬ 
tinent  doctrinal  and  training  literature  (Annex  I).  A  detailed 
study  of  antitank  weapon  employment  revealed  that  the  combat  actions 
"tank-hunter-killer  operations"  and  "fire  and  maneuver"  were  two 
distinct  areas  which  warranted  consideration  and  should  be  included 
in  the  antitank  methodology  review. 

2.  This  review  deals  with  a  wide  variety  of  weapons  (light,  medium, 
and  heavy  antitank  weapons)  having  varying  capabilities.  The  combat 
actions  considered  do  not  all  apply  to  each  weapon  system  (for  instance 
the  LAW  would  rarely  be  used  in'  a  combat  outpost).  The  combat  actions 
listed  are  designed  to  be  all-inclusive  and  to  cover  every  antitank 
weapon  employment  under  all  normally  conceivable  conditions: 

1.  Combat  Outpost 

2.  Delaying  Action 

3.  Roadblocks 

4.  Collapsing  Defense  in  Withdrawal 

from  LZ 

5.  Area  or  Position  Security 

6.  Hasty  Defense 

7.  Deliberate  Defense 


B-l 


8.  Counterattack 


9.  Tank-Hunter  Operations 

10.  Frontal  Assault 

11.  Fire  and  Maneuver 

12.  Fire  and  Movement 

13.  Consolidation 

14.  Exploitation 

15.  Breaching  Operations 

16.  River  Crossing 

17.  Aerial  Assault 

18.  Ambush 

19.  Advance  to  Contact 

20.  Security  of-  Moving  Column 

21.  Search  and  Clear 

22.  Combat  Patrol 

23 .  Counterambush 

24.  Combat  in  Cities 
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ANNEX  C 

CRITICAL  COMBAT  TASKS 

Each  critical  combat  task  is  considered  relative  to  each  category  of 
antitank  weapons  (light,  medium,  and  heavy).  The  ranges  mentioned 
(such  as  short,  medium, and  long)  are  relative  to  the  weapon  being 
tested  and  will  take  into  consideration  the  weapon's  minimum  arming 
distance  and  maximum  effective  range  (for  instance,  one  antitank's 
minimum  arming  distance  might  be  another's  maximum  range). 

1.  Long  range  aimed  fire  on  selected  targets. 

2.  Medium  to  short  range  fire --supported  firing  position. 

3.  Medium  to  short  range  fire --unsupported  firing  position. 

4.  Medium  to  short  range  fire— rapid  displacement. 

5.  Maximum  aimed  fire— minimum  exposure  to  enemy  fire. 

6.  Rapid  movement— rapid  reload. 

7.  Rapid  reaction  to  suitable  targets. 

8.  Deliberate  methodical  movement  with  detailed  observation. 

9.  Anticipated  short  and/or  medium  range  enemy  contact. 

10.  Clear  fields  of  fire. 

11.  Prepare  and  camouflage  positions. 

12.  Put  in  and/or  utilize  existing  barriers. 

13.  Conduct  recon  of  withdrawal  and  occupation  routes. 
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TASK/ ACTION  CONCEPT  TABLE 
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ANNEX  E 

REDUCTION  OF  COMBAT  ACTIONS 

1.  The  primary  purpose  of  the  task/acticn  concept  table  in  Annex  D 
is  to  provide  a  means  of  reducing  the  number  of  combat  actions  by 
combining  those  actions  which  show  similar  characteristics.  Detailed 
study  of  the  task/action  concept  table  (in  which  24  combat  actions 

I 

are  compared  and  analyzed  against  13  critical  combat  tasks)  with 
primary  emphasis  placed  on  the  actions  of  the  individual/crew 
weapon  combination,  revealed  that  certain  critical  combat  tasks 
are  common  to  one  or  more  combat  actions.  For  the  purpose  of  anal¬ 
ysis  the  combat  actions  were  divided  into  two  distinct  groups, 
mobile  operations  and  static  operations,  This  grouping  into  two 
categories  allows  further  reduction  in  combat  actions  as  shown  in 
the  analysis  which  follows. 

2.  The  following  discussion  and  analysis  briefly  describes  each 
combat  action  and  shows  the  basis  of  similarity  of  critical  combat 
tasks  performed.  The  combat  actions  can  be  grouped  into  a  smaller 
number  of  representative  canbat  actions  each  of  which  displays  sim¬ 
ilar  characteristics  (in  this  case,  measurable  characteristics)  of 
its  subelements.  This  reduction  allows  a  more  complete  and  com¬ 
prehensive  study  to  be  made  of  the  representative  combat  actions 
and  provides  a  more  manageable  set  of  parameters  for  use  in  the 
methodology 'evaluation. 
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a.  Static  operations  are: 


Deliberate  Defense 

Fire  and  Maneuver 

Hasty  Defense 

Area  or  Position  Security 

Reorganization  and  Consolidation 

f 

Ambush 

Combat  Outpost 
Roadblocks 

(1)  Deliberate  Defense.  The  combat  action,  deliberate  defense, 
is  a  well-planned  relatively  permanent  defensive  posture.  It  is 
characterized  by  thorough  position  preparation  using  every  means 
available  to  defend.  Reference  to  the  task/action  concept  table 
shows  that  the  majority  of  the  critical  combat  tasks  considered  are 
performed  in  the  deliberate  defense.  For  this  reason  this  combat 
action  will  be  considered  as  a  representative  action  which  displays 
all  the  characteristics  of  other  combat  actions  to  be  discussed  later 
in  this  study. 

(2)  Hasty  Defense.  The  hasty  defense  is  an  example  of  a  defense 
in  which  little  time  has  been  allowed  for  position  preparation  and 
planning.  Normally  the  hasty  defense  is  used  for  a  relatively  short 
period  of  time  (after  which  it  either  evolves  into  a  deliberate 
defense  or  becomes  an  offensive  or  retrograde  operation).  The  hasty 
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defense  is  a  representative  combat  action  displaying  many  character¬ 
istics  of  other  combat  actions. 

(3)  Combat  Outpost.  The  combat  outpost  is  a  security  element- 
which  denies  the  enemy  close  ground  observation  of  the  battle  area 
and  provides  early  warning  of  his  advance.  The  combat  outpost  gen¬ 
erally  engages  the  enemy  with  long-range  fires  and  avoids  decisive 
engagement.  Antitank  weapons  are  normally  positioned 

for  mutual  support  to  engage  enemy  armor  at  maximum  range.  By  virtue 
of  the  critical  combat  tasks  performed,  the  combat  action,  combat 
outpost,  is  grouped  under  the  title,  retrograde  operations.  This 
action  is  characterized  by  medium-to -long -range  fires  and  rapid  with¬ 
drawal  without  decisive  engagement.  The  combat  action,  delaying 
action,  falls  under  the  category  of  mobile  operations,  and  will 
be  discussed  at  length  later  on  in  this  study. 

(4)  Area  or  Position  Security.  This  combat  action  deals  with  the 
security  of  a  small  area  (such  as  the  site  of  a  downed  helicopter  or 
the  area  around  a  water  point).  In  this  instance  it  is  assumed  that 
the  security  element  will  only  be  in  position  for  a  relatively  short 
period  of  time  and  will  not  fortify  itself  to  the  extent  that  it  might 
in  a  more  permanent  situation.  The  critical  combat  tasks  performed 
are  similar  to  those  performed  during  the  hasty  defense  and  can  all 

be  masured  under  the  heading  of  hasty  defense. 

(5)  Fire  and  Maneuver.  This  combat  action  considers  only  the 
actions  of  the  base  of  fire  elements  and  not  the  maneuver  element 
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V"  (to  be  discussed  later  in  the  mobile  operations  section  under  the  head¬ 

ing  of  Fire  and  Movement) .  The  base  of  fire  element  is  primarily 
responsible  for  providing  fire  support  for  the  maneuver  element. 
Normaily  the  base  of  fire  element  is  in  a  static  position  for  a  fixed  • 
period  of  time  and  is  characterized  by  aimed  fire  from  a  stationary 
position.  Reference  to  the  task/action  concept  table  shows  that  all 

measurements  required  for  fire  and  maneuver  are  included  in  the  combat 

v 

action,  deliberate  defense.  For  this  reason  the  combat  action,  fire 
and  maneuver,  is  combined  as  being  a  subelement  of  the  representative 
combat  action,  deliberate  defense. 

(6)  Roadblock.  The  combat  action,  roadblock,  is. used  to  prevent 
or  hinder  enemy  movement  beyond  a  point  or  area  along  a  road  or  other 
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route  of  advance.  The  planning  of  a  roadblock  is  quite  similar  to 
that  used  in.  a  deliberate  defense.  Reference  to  the  task/action  con¬ 
cept  table  shows  that  all  the  combat  tasks  performed  in  a  roadblock 
operation  are  common  to  the  deliberate  defense.  Based  upon  this  fact 
the  roadblock  is  combined  as  a  subelement  of  the  representative  combat 


action,  deliberate  defense. 

*  (7)  Reorganization  and  Consolidation.  Reorganization  and  consoli- 

i 

dation  pertain  to  actions  taken  to  organize  and  strengthen  a  newly 
gained  objective.  Initially,  a  hasty  defensive  posture  is  assumed  to 
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ward  off  possible  counterattacks.  Consideration  of  the  critical 


combat  tasks  performed  during  the  consolidation  indicates  that  this 


'I 


combat  action  is  characterized  by  minimum  position  preparation  time 
under  threat  of  imminent  enemy  attack  and  medium-to-short -range  aimed 
fire.  Since  the  tasks  are  similar  to  those  performed  in  the  hasty 
defense,  it  will  be  evaluated  under  that  heading. 

(8)  Ambush.  The  combat  action,  ambush,  deals  with  relatively 
close  range  fires  from  a  mobile  force.  The  individual /crew  weapon 
actions  are  included  in  the  combat  action,  tank -hunter  killer  opera¬ 
tions,  as  well  as  in  the  hasty  defense.  The  only  critical  combat  ' 
task  not  covered  in  the  combat  action,  hasty  defense,  is  the  task 
involving  "deliberate  methodical  movement  with  detailed  observation." 
This  task  is  covered,  however,  in  the  combat  action,  tank -hunter 
killer  operations.  The  combat  action;,  ambush,  is  included  as  a  sub¬ 
element  of  both  hasty  defense  and  tank -hunter  killer  operations. 

(9)  Discussion  and  analysis  of  the  combat  actions  in  the  static 
operations  category  reduces  the  number  of  combat  actions  within  the 
category  from  eight  to  two.  The  two  representative  combat  actions 
remaining  are  the  deliberate  defense  and  the  hasty  defense. 

b.  Mobile  operations  are: 

Fire  and  Movement 
Tank-Hunter  Killer  Operations 
Advance  to  Contact 
Combat  in  Cities 
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Frontal  Assault 


Exploitation 
River  Crossing 
Aerial  Assault 
Search  and  Clear 
Combat  Patrol 

Counterattack 
Counter ambush 

Security  o£  a  Moving  Column 

Breaching  Operations 

Collapsing  Defense  in  Withdrawal 
from  LZ 

Delaying  Action 

(1)  Fire  and  Movement .  Fire  and  movement  begins  when  the  maneuver 
element  meets  effective  enemy  opposition  and  can  no  longer  advance 
under  cover  of  supporting  fires  without  taking  unacceptable  losses. 

Fire  and  movement  within  the  maneuver  element  is  characterized  by 
the  action  of  individuals,  fire  teams,  and  squads  in  the  assault  of 
an  objective.  Maximum  aimed  firepower  must  be  used  to  cover  the 
advancing  elements.  The  combat  action,  fire  and  movement,  is  con¬ 
sidered  as  a  representative  combat  action. 

(2)  Tank-Hunter  Killer  Operations.  This  combat  action  is  char¬ 
acterized  by  small  teams  trained  to  destroy,  disorganize,  and  delay 


armored  formations.  Normally  the  teams  are  relatively  mobile  and 
engage  their  targets  from  close  range.  Since  this  combat  action 
deals  with  special  operations  it  is  considered  by  itself  as  a  repre-  . 
sentative  combat  action. 

(3)  Advance  to  Contact.  Advance  to  contact  is  an  offensive 
action  designed  to  gain  and  maintain  contact  with  the  enemy.  Con¬ 
sideration  of  this  combat  action  indicates  that  it  is  representative 
of  other  combat  actions  which  will  be  included  under  the  title, 
advance  to  contact,  as  subelements. 

(4)  Combat  in  Cities.  The  combat  action,  combat  in  cities,  is 
characterized  by  restricted  observation  and  fields  of  fire  as  well 
as  excellent  concealment  and  cover  for  both  the  attacker  and  the 
defender.  Movement  is  difficult  by  vehicle  since  streets  and  alleys 
constitute  ready-made  fire  lanes  and  killing  zones.  Direct  fire 
weapons  must  be  well  forward  in  order  to  be  effectively  employed. 

By  virtue  of  its  wide  spectrum  of  critical  combat  tasks  the  combat 
action,  combat  in  cities,  must  be  designated  as  a  presentative 
action. 

(5)  Frontal  Assault.  The  frontal  assault  is  normally  the  final 
assault  on  the  objective  and  is  characterized  by  a  high  volume  of  fire 
both  aimed  and  suppressive  in  nature.  Reference  to  the  task/action 
concept  table  indicates  that  all  critical  combat  tasks  performed  during 


this  combat  action  are  also  performed  during  the  combat  action,  fire 
and  movement.  For  this  reason  the  combat  action,  frontal  assault, 
is  included  as  a  subelement  of  fire  and  movement. 

(6)  Exploitation.  Exploitation  is  an  offensive  operation  which 
may  follow  a  successful  penetration  or  envelopment.  It  is  character¬ 
ized  by  relatively  rapid  movement  and  mobility  with  the  primary 
emphasis  being  placed  upon  keeping  the  enemy  disorganized  and  in  a 
state  of  retreat.  Only  a  limited  number  of  critical  combat  tasks 
are  performed  during  this  combat  action  and  for  this  reason  it  will 
be  included  as  a  subelement  of  the  representative  combat  action,  fire 
and  movement.  This  grouping  will  allow  all  the  measurable  parameters 
of  exploitation  to  be  evaluated. 

(7)  River  Crossing  and  Aerial  Assault.  Both  of  these  combat 
actions  deal  with  forms  of  mobility  (assault  boat,  helicopter, 
etc.)  followed  by  the  combat  actions  of  fire  and  movement,  advance 

to  contact,  and  hasty  defense,  all  of  which  are  discussed  as  separate 
combat  actions.  Since  this  is  a  study  of  antitank  weapons,  the  role 
of  the  assault  boat  or  combat  helicopter  in  the  operation  will  be  con¬ 
sidered  to  be  primarily  one  of  supplying  mobility  to  the  ground 
troops, 

(8)  Search  and  Clear.  The  combat  action,  search  and  clear,  is 
a  special  operation  used  as  an  effective  measure  to  combat  guerrilla 
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forces.  It  is  characterized  by  alert  movement  with  rapid  reaction 
to  enemy  fire,  medium  to  short  range  enemy  contact,  and  aggressive 
action  to  gain  and  maintain  enemy  contact.  The  critical  combat 
tasks  performed  during  this  combat  action  are  also  included  in  the 
representative  combat  action,  advance  to  contact,  and  allow  the 
search  and  clear  operation  to  be  considered  and  evaluated  as  a  sub¬ 
element  of  this  representative  combat  action. 

(9)  Combat  Patrol.  Combat  patrols  are  heavily  armed  detachments 
sent  out  to  kill  or  capture  the  enemy  or  to  destroy  his  equipment, 
materiel,  or  installations.  They  are  characterized  by  alert  move¬ 
ment  with  rapid  reaction  to  enemy  fire,  medium  to  short-range  enemy 
contact,  and  aggressive,  violent  action  to  destroy  the  enemy. 

Mobility  and  firepower  are  two  necessary  ingredients  of  this  combat 
action.  The  critical,  combat  tasks  performed  during  the  combat 
patrol  are  also  considered  during  the  representative  combat  action, 
advance  to  contact.  Reference  to  the  task/action  concept  table 
indicates  that  this  combat  action  can  be  completely  evaluated  as  a 
subelement  of  advance  to  contact. 

(10)  Counterattack.  A  counterattack  is  a  limited-objective 
attack  designed  to  destroy  or  eject  the  enemy  from  an  area  of 
penetration  and  to  regain  lost  portions’  of  the  battle  area.  This 
combat  action  deals  with  a  total  group  reaction  and  is  consequently 
difficult  to  measure  on  an  individual  basis.  The  reaction  of  the 
group  is  the  result  of  considerable  training  and  teamwork  involving 
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the  same  individual /crew  actions  found  in  fire  and  movement.  This 
combat  action  can  be  properly  evaluated  as  a  subelement  of  the 
representative  combat  action,  fire  and  movement. 

(11)  Counterambush.  The  counterambush,  much  like  the  counter¬ 
attack,  deals  with  a  total  group  reaction  and  is  consequently  dif¬ 
ficult  to  measure  on  an  individual  basis.  The  critical  combat  tasks 
performed  can  all  be  evaluated  under  the  representative  combat  action, 
fire  and  movement. 

(12)  Security  of  a  Moving  Column.  This  combat  action  includes 
alert  movement  with  rapid  reaction  to  enemy  fire,  and  medium-to- 
short-range  enemy  contact.  Reference  to  the  task/action  concept 
indicates  that  all  the  tasks  considered  are  also  covered  under  the 
representative  combat  action,  advance  to  contact. 

(13)  Breaching  Operations.  The  role  of  the  antitank  weapon 
in  this  combat  action  is  to  neutralize  the  fires  of  a  bunker  under 
attack,  enemy  forces  in  open  emplacements  around  the  bunker,  and 
locations  suspected  of  containing  enemy  who  can  hinder  the  advance 
of  a  maneuvering  element.  All  the  critical  combat  tasks  performed 
in  this  combat  action  can  be  evaluated  under  the  representative 
combat  action,  fire  and  movement. 

(14)  Collapsing  Defense  in  Withdrawal  from  an  LZ.  This  combat 
action  is  a  special  operation  brought  about  by  the  introduction  of 
the  helicopter  as  a  primary  source  of  mobility  in  combat.  It  deals 
primarily  with  a  progressively  decreasing  perimeter  defense  designed 
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to  protect  the  operations  on  the  LZ  itself.  The  critical  combat 
tasks  performed  are  varied  and  most  closely  resemble  the  tasks  re¬ 
quired  in  retrograde  operations.  The  task/action  concept  table  shows 
that  all  the  critical  combat  tasks  can  be  properly  evaluated  under 
the  representative  combat  action,  delaying  action. 

(15)  The  24  combat  actions  initially  considered  have  now  been 
reduced  to  7.  Each  critical  combat  task  considered  in  the  24  combat 
actions  is  also  considered  in  the  7  representative  combat  actions. 
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COMBAT  ACTIONS  REPRESENTATIVE  COMBAT  ACTIONS 

STATIC  OPERATIONS 

Deliberate  Defense  -  -  -  -  —  -  -  — - -  -  -  -  DELIBERATE  DEFENSE 

Fire  and  Maneuver 
Roadblocks 

Hasty  Defense . - . HASTY  DEFENSE 


Area  or  Position  Security 
Reorganization  and  Consolidation 
-Ambush 

Combat  Outpost  ------------------------- 

I 

MOBILE  OPERATIONS  ■ 

i 

Delaying  Action . -  -  DELAYING  ACTION 

Collapsing  Defense  in  Withdrawal  from  LZ 


Fire  and  Movement-  ------------------  piRE  AND  MOVEMENT 

Exploitation 
Breaching  Operations 
Counterattack 
Counter ambush 
Frontal  Assault 

-Tank -Hunter  Killer  Operations . -TANK -HUNTER  KILLER  OPERATIONS 

Combat  in  Cities . -  - . ---  -  COMBAT  IN  CITIES 

Advance  to  Contact . -  ADVANCE  TO  CONTACT 

Security  of  a  Moving  Column 
Search  and  Clear 
Combat  Patrol 


River  Crossing  (Form  of  mobility  followed  by:  Frontal  Assault, 

Aerial  Assault  Fire  and  Movement,  Advance  to  Contact,  or  Hasty 

Defense.) 


ANNEX  F 


DISCUSSION  OF  MEASURES  OF  EFFECTIVENESS 

1.  GENERAL.  Consideration  of  the  categories  of  effectiveness,  such  * 
as  accuracy,  responsiveness,  reliability,  sustainability,  etc., 
revealed  that  these  categories  must  be  defined  in  terms  .of  measurable 
parameters  which  meaningfully  relate  to  a  combat  situation.  Once 
defined,  these  parameters  were  further  studied  and  developed  into 
measures  of  effectiveness  (MOE)  in  order  to  measure  effectively  and 
then  to  evaluate  properly  small  differences  between  competing  weapons 
systems.  These  MOE  evolved  in  four  ways: 

a.  Measures  that  must  be  collected  in  order  to  compile  other 
data,  such  as  number  of  hits.  By  itself,  this  measurement  has 
little  meaning,  but  when  combined  with  number  of  rounds  fired,  a 
hit  probability  can  be  obtained. 

b.  Measures  that  stand  alone,  such  as  time  to  first  round.  This 
measurement  of  effectiveness  stands  alone  as  a  measure  of  the  amount 
of  time  it  takes  to  fire  a  round  once  a  target  is  identified. 

c.  Measures  that  are  combinations  of  two  or  more  measures. 

For  example,  engagemert hit  probability  is  a  consideration: 


Number  of  Target  Hits 


Number  of  Rounds  fired 


=  Engagement  Hit  Probability 


d.  Measures  specifically  designed  to  evaluate  special  situations 
such  as  the  probability  of  a  first>-round  hit  with  an  antitank  weapon 
in  a  tank -hunter -killer  operation. 

gu^r.oC  HM  KmOSTBetHits  .  Probabiuty  o£  Flrst  RouIld  Hic 
Number  of  Rounds  tired 

The  measures  of  effectiveness  are  discussed  below  by  category  of 
effectiveness. 

2.  ACCURACY.  There  are  five  measures  considered  in  the  category  of 
accuracy. 

a.  Number  of  hits .  This  information  can  be  obtained  in  two 
ways.  The  test  officer  may  physically  go  downrange  and  coupt  the 
number  of  holes  in  the  target,  or  he  may  rely  on  collecting  the  data 
electronically.  The  electronic  collection  of  data  is  preferable  since 
it  would  allow  the  exercise  to  be  conducted  in  a  continuous  manner 
with  no  halts  for  data  collection.  .Realism  would  thus  be  enhanced 
and  the  "combat  atmosphere"  retained.  The  information  obtained  is 
used  to  compile  other  data,  e.g.,  when  combined  with  number  of  rounds 
fired,  hit  probability  may  be  derived. 

b.  Distribution  of  near  misses.  The  high  cost  of  ammunition 
for  antitank  weapons  makes  this  measurement  a  particularly  desirable 
one.  An  accurate  method  of  measuring  the  location  of  near  misses 
would  be  invaluable  since  it  might  indicate  that  the  weapons  system 
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is,  in  fact,  accurate  but  that  the  sight  is  misaligned  or  even  more 
important,  improperly  designed.  This  added  data  would  greatly 
assist  the  test  officer  in  his  analysis  of  weapon  performance  and 
would  reduce  the  risk  of  rejecting  an  acceptable  weapons  system. 

c .  Engagement /hit  probability. 

(1)  This  HOE  is  a  hybrid  measure  not  directly  observed  but 
computed  from  the  number  of  hits  observed  divided  by  the  number 
of  rounds  fired  under  a  given  set  of  conditions.  Hit  probabil¬ 
ities  only  reflect  combat  performance  to  the  extent  that  the  test 
environment  reflects  combat  environment.  Hit  probabilities  obtained 
on  a  known  distance  target  range  may  indicate  large  differences 
between  competing  weapons  systems  but  do  not  necessarily  predict 
performance  that  could  be  expected  under  combat  conditions. 

(2)  To  be  a  meaningful  measure,  much  care  must  be  taken  in 
test  design  and  conduct  so  that  observed  results  can  be  applied  to 
actual  combat , 

(3)  Several  types  of  hit  probabilities  should  be  measured  under 
the  simulated  combat  conditions  of  the  test  facilities.  These  would 
include  probability  of  first  and  subsequent  round  hits.  Hit  prob¬ 
abilities  are  used  to  compare  weapon  performance  on  the  test  facil¬ 
ities  as  a  function  of  range,  angle  of  fire,  type  of  target,  weapon, 
learning,  training  or  any  combination  of  these  variables.  To  the 


extent  that  test  conditions  relate  to  combat,  this  measure  is  an 


evaluation  of  the  total  performance  of  the  individual /crew  weapon 
system  in  combat.  The  MOE  can  be  referred  to  as  a  gross  measure, 
not  relating  to  a  specific  action  such  as  sight  alignment,  but  to 
the  sum  of  the  actions  of  the  individual /crew  as  they  use  the 
weapon. 

(4)  In  general,  engagement  hit  probabilities  will  indicate 
weapon  differences.  However,  other  measures  are  necessary  to 
isolate  discrete  causes  of  weapon  differences . 

d.  Probability  of  First  Round  Hit.  This  measure  is  particu¬ 
larly  important  with  antitank  weapons  since  there  is  rarely  a  chance 
to  fire  a  second  round  at  an  armored  target.  In  antitank  warfare  a 
great  deal  of  importance  is  placed  upon  "first  round  kill"  capa¬ 
bility.  It  is  conceivable  that  this  measure  could  be  a  key  factor 
in  the  selection  of  competing  weapons  systems.  In  the  last  few 
years  a  great  deal  of  development  has  gone  into  trying  to  develop 

antitank  rounds  which  could  be  guided  in  flight  to  increase  further 
.  \ 

the  probability  of  a  first  round  hit.  This  probability  is  easily 
computed  provided  other  physical  measurements  have  been  taken. 

e.  Rounds  Fired.  The  number  of  rounds  fired  is  a  basic  measure 
required  in  the  determination  of  key  derived  measures,  e.g.,  hit  probability. 

Elrs;  tejjfeast  Hit.  .  probability  of  First  Round  Hit 
Number  of  Rounds  Fired 

3.  RESPONSIVENESS.  This  is  basically  a  time-related  measurement  which 
gives  an  indication  of  how  rapidly  a  weapon  may  be  made  to  perform 
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its  assigned  function.  Under  extreme  conditions  a  man 
might  be  required  to  operate  a  crew-served  weapon  by  himself. 
Responsiveness  in  this  case  would  be  a  measure  of  how  easily  the 
weapon  can  be  controlled  anu  made  to  operate  properly.  The  eight 
measures  of  effectiveness  considered  in  the  category  of  responsive¬ 
ness  are: 

a.  Time  to  First  Round.  This  MOE  provides  data  on  the  length 
of  time  it  takes  the  crew  (or  individual  firer,  depending  upon  the 
weapon)  from  target  identification  to  (1)  assume  a  firing 
position  and  perform  the  necessary  crew  drill,  (2)  acquire 

the  target  in  the  weapon's  sighting  system,  and  (3)  fire  the  first 
round.  The  importance  of  this  measure  varies  from  combat  action 
to  combat  action.  As  in  several  of  the  combat  actions,  particularly 
those  in  which  alert  movement  is  required,  a  quick  response  to  sur¬ 
prise  fire  .or  targets  of  opportunity  is  essential. 

b.  Time  to  Reload.  This  measurement  is  primarily  based  upon 
weapon  and  round  design.  Crew  familiarity  with  the  weapon  system 
will  serve  to  reduce  this  time  and  consequently  the  crews  for  two 
competing  weapons  systems  must  display  equal  levels  of  proficiency 
with  their  weapons  systems .  The  time  to  reload  becomes  particularly 
important  as  a  measurement  when  multiple  targets  are  engaged  by  the 
same  weapons  system, 

c.  Time  to  First  Hit.  Ideally  this  measurement  should  be  the 
same  as  that  described  in  subparagraph  a  above,  with  the  time  of 


"?J*aEsW 


i 


» 


* 


t 


j~ 

51 


flight  of  the  projectile  added.  The  value  of  this  MOE  is  relatively 
high  since  a  hit  must  be  achieved  for  mission  accomplishment.  The 
more  time  required  to  achieve  a  first  hit  only  serves  to  reduce 
the  chances  of  successful  mission  accomplishment.  Target  identi¬ 
fication  time  is  considered  constant.  Therefore,  MOE  ’’time  to 
first  hit”  is  actually  the  time  required  to  aim  and  achieve  a 
a  hit.  In  a  2-weapon  comparison  the  weapon  requiring  the  least 
amount  of  time  and  rounds  between  first  round  and  first  hit  could 
gain  a  decided  advantage. 

d.  Time  to  Prepare  to  Fire.  This  MOE  provides  information  on 
some  of  the  human  engineering  aspects  of  a  weapon  system.  Time  to 
prepare  to  fire  actually  measures  crew  drill  time  with  reference 
to  the  weapons  system  being  examined.  Such  items  as  poor  tripod 
or  mount  construction,  awkward  sighting  mechanisms,  lack  of  carry¬ 
ing  or  handling  brackets,  and  extreme  system  weight  could  be  detected 
through  the  use  of  this  MOE. 

e.  Time  Between  Rounds.  This  MOE  is  actually  a  combination 
of  the  time  required  to  reload  with  the  time  needed  to  acquire  the 
target  in  the  sights  and  to  manipulate  the  firing  mechanism.  The 
measurement  could  be  used  to  isolate  differences  between  competing 
weapon  sighting  and  firing  devices .  An  extremely  complex  and 
sophisticated  system  which  requires  a  great  deal  of  operator  train¬ 
ing  and  expertise  might  jeopardize  its  changes  of  acceptance  through 
the  use  of  this  MOE. 
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f.  Time  to  Shift  Fires.  This  MOE  is  a  combination  measurement 


that  provides  data  on  the  time  required  to  shift  fire  to  another 
target  after  achieving  a. target  hit  and  to  acquire  the  new  target. 
Position  change  time  (if  required),  sight  manipulation  time  (if 
required),  traversing  and  elevation  mechanism  time  (if  required), 
reloading,  sight  alignment,  and  firing  are  all  incorporated  into 
this  measurement .  With  the  antitank  weapon  system  and  its  method 
of  employment,  thi3  measurement  might  well  include  the  time  required 
to  move  to  an  alternate  or  supplementary  firing  position  and  con¬ 
sequently  would  involve  measures  of  portability  and  maneuverability. 

g.  Time  Between  Hits .  This  measurement  can  be  obtained  for 
two  different  situations.  The  time  required  between  hits  on  the 
same  target  would  be  one  situation  while  the  time  required  to  shift 
fire  and  obtain  a  hit  on  a  new  target  (shift  and  acquisition  time) 
would  be  the  other  situation.  This  MOE  can  also  be  construed  as  a 
measure  of  stability  of  the  weapon  system  since  more  time  will  be 
required  to  reload,  realign  and  five  an  unstable  system  as  compared 
to  one  that  needs  only  minor  adjustment  to  achieve  a  second  hit  on 
the  same  target . 

h.  Sight  Manipulation  Time.  This  MOE  provides  data  on  the 
amount  of  time  required  to  mount  the  sight  on  the  weapon  (if 
applicable)  or  to  set  up  the  sighting  mechanism  (if  remote  from 
the  weapon)  and  perform  all  adjustments  necessary  to  enable  the 
weapon  '•/stem  to  engage  and  destroy  a  target. 


i.  All  of  the  above  measures  (under  the  category  of  respon¬ 
siveness)  are  compiled  and  can  be  computed  as  separate  functions 
of  range,  target  type,  firing  angle,  position  of  firer,  and  type 
of  mount  (these  separate  functions  should  be  varied  as  much  as 
possible  during  weapon  testing).  For  example: 

(1)  Range:  There  will  be  a  difference  in  time  for  all  of  the 
MOE  in  that  the  category  of  responsiveness  based  on  range — varying 
from  the  minimum  arming  distance  for  the  projectile  out  to  the 
maximum  effective  range --will  directly  affect  the  time  required 

to  align  the  sights  and  the  target. 

(2)  Firing  angle:  The  firing  angle  may  be  expressed  in  degrees 
and  direction  such  as  90°  left  and  45°  right;  in  addition,  vertical 
angles  must  be  considered  (such  as  5°  above  or  below  the  horizontal). 
Both  of  these  angles  must  be  taken  into  consideration  when  collect¬ 
ing  and  computing  data  on  the  MOE. 

(3)  Target  type:  The  various  types  and  sizes  of  targets  found 
on  the  battlefield  (tanks,  bunkers,  large  groups  of  men)  and  their 
ability  to  move  at  varying  speeds  (man  and  vehicles)  must  be  taken 
into  consideration  when  collecting  and  computing  data  on  the  MOE. 

(4)  Position  of  crew/weapon:  This  MOE  considers  such  factors 
as:  supported  or  unsupported  firing  positions,  positions  offering 
clear  fields  of  fire  as  opposed  to  those  which  offer  many  obstacles 
and  terrain  which  permits  stable  positioning  of  the  weapon  as  opposed 


to  roctyor  muddy  terrain  which  might  cause  difficulty  in  mounting 
the  weapon  in  its  proper  firing  configuration'.  A.11  of  these  factors 
and  many  others  within  this  category  must  be  considered  when  com¬ 
puting  or  recording  data  on  the  MOE. 

(5)  Type  of  Mount:  This  would  take  into  consideration  such 
different  mounting  systems  as  man  mounted  or  held,  tripod  or  bipod 
mounted,  and  vehicle  mounted.  Again,  as  with  the  previous  categories, 
consideration  must  be  taken  when  collecting  and  computing  data 'on 
the  MOE. 

4.  SUSTAINABILITY. 

a.  This  category  of  effectiveness  is  indicative  of  the  life  of 
a  weapon  in  a  combat  environment  with  respect  to  the  basic  load  of 
ammunition  for  the  weapon.  All  measures  of  effectiveness  (total 
rounds,  number  of  rounds  to  first  hit,  number  of  rounds  between  hits, 
and  number  of  rounds  fired  per  engagement)  are  contributive .  Sus¬ 
tainability,  therefore,  is  best  described  as  hits  per  pound  with 
respect  to  the  basic  load  of  the  weapon  system.  This  measure  will 
allow  us  to  compute  the  number  of  hits  per  basic  load  (this  would 
break  down  also  to  number  of  engagements  per  basic  load  if  each  hit 
were  considered  a  kill) . 

b.  Sustainability  relates  the  combat  effectiveness  of  the 
system  to  its  basic  load  and  attempts  to  anticipate  the  amount  of 


time  or  the  number  of  engagements  the  system  can  expect  to  remain 
in  a  combat  action.  Basic  loads  are  often  augmented  or  changed 
by  local  directives  (taking  into  consideration  the  threat  posed 
by  enemy  armor).  The  amount  of  trade-off  between  hit  probability 
and  ammunition  weight  would  have  to  be  a  decision  based  upon 
situation  and  anticipated  threats.  This  MOE  should  be  evaluated 
during  testing  of  a  new  or  modified  antitank  weapons  system. 

5.  RELIABILITY.  The  two  measurements  of  effectiveness  considered 
in  the  category  of  reliability  are: 

a.  Time  to  Clear  Malfunctions.  A  malfunction  is  a  failure 
of  the  weapons  system  to  function  satisfactorily.  Improper 
operation  of  the  weapon  by  a  crew  member  is  not  considered  a 
malfunction.  The  importance  of  this  MOE  is  obvious  since  a 
malfunction  effectively  neutralizes  the  weapon's  usfulness. 

b.  Number  of  Rounds  Between  Malfunctions.  This  MOE  is  an 
indication  of  the  true  reliability  of  the  weapons  system.  The 
MOE  must  be  sequentially  counted  by  round  fired,  from  the  initial 
round  fired  throughout  completion  of  all  firing  exercises.  The 
data  obtained  are  necessary  to  compute  the  probability  that  a 
round  will  be  fired  when  the  trigger  is  pulled. 
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6 .  PORTABILITY  AND  COMPATIBILITY . 


a.  The  measurements  of  effectiveness  considered  in  the  category 
of  portability  and  compatibility  vary  from  combat  action  to  combat, 
action,  are  difficult  to  measure  accurately,  and  cannot  generally 

be  measured  with  instrumentation.  The  entire  category  is  considered 
to  be  a  human  factors  judgment  area  and  will  be  considered  in  each 
combat  action  to  detect  anything  about  the  weapon  which  may  hinder 
the  individual/crew  weapon  performance.  As  an  example,  the  ease -of 
handling  a  weapon  system  might  be  excellent  while  the  weapon  is  cold, 
but  once  it  is  heated  by  sustained  fire  the  ease  of  handling  might 
suddenly  become  extremely  poor. 

b.  Performance  measures  include  but  are  not  limited  to  the 
following: 

(1)  Ease  of  handling  (hot/cold),  ''his  is  a  comparison  mea¬ 
surement  between  ease  of  handling  before  the  weapon  has  been  fired 
(or  before  it  has  been  fired  sufficiently  to  significantly  raise 
weapon  temperature)  and  after  the  weapon  has  been  heated  by  sus¬ 
tained  fire. 

(2)  Movement  time.  This  measurement  evaluates  speed  of  movement 
with  the  weapon  in  various  combat  situations. 

(3)  Preparation  of  position  and  emplacement- of  barriers.  This 
measurement  evaluates  speed  of  position  preparation  and  barrier 
emplacement.  Reaction  time  of  the  individual/crew /weapon  combination 
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to  enemy  activity  during  the  performance  of  these  combat  tasks  is 
carefully  analyzed  in  order  to  detect  differences  between- compet¬ 
ing  weapons  systems. 

(4)  Compatibility  with  ancillary  equipment.  This  is  a  measure¬ 
ment  of  how  well  the  weapons  system  and  its  various  components  com¬ 
plement  each  other. 

(5)  Maneuverability  when  changing  positions  and/or  crossing 
obstacles.  This  measurement  evaluates  the  speed  and  ease  in  which 
the  individual/crew/weapon  combination  is  able  to  change  position 
or  negotiate  a  given  obstacle.  The  data  obtained  are  useful  in  a 
2 -weapon  comparison. 

(6)  Time  to  dismount /remount  weapon  from/ on  vehicle  mount. 

This  measurement  evaluates  the  speed  and  ease  with  which  the 
individual/crew  can  dismount  or  remount  a  vehicle -mounted  weapons 
system.  The  data  compiled  can  be  used  for  a  2-weapon  comparison. 

(7)  Crew  training  requirements.  The  time  and  effort^  required 
to  train  a  crew  or  .individual  on  a  specific  weapons  system  are  • 
factors  which  must  be  considered.  This  measurement  may  be  used  in 
the  comparison  of  two  or  more  weapons  systems. 

(8)  Ability  to  engage  a  moving  target.  This  measurement  is  an 
indication  of  the  weapon's  traversing  and  elevating  capability  with 
respect  to  the  individual /crew  operating  the  system. 

(9)  Troop  safety  area  required.  Different  weapons  systems  re¬ 
quire  a  variety  of  troop  safety  consideration  with  respect  to  back 
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blast  or  muzzle  blast.  A  measurement  of  the  safety  area  required 
can  be  used  in  a  2-weapon  comparison. 

7.  SIGNATURE  EFFECTS.  The  five  measurements  considered  in  the 
category  of  signature  effects  are: 

a.  Sound  level  recording  (blast).  This  signature  effect  will 
be  measured  and  evaluated  in  two  parameters:  (1)  to  determine  if 
there  is  any  danger  to  the  firer's  and  adjacent  firers'  ears;  and 
(2)  to  determine  if  the  sound  of  the  weapon  will  readily  identify 
its  location  on  the  battlefield. 

b.  Obscuration  (smoke  and  haze) .  This  signature  effect  will 
be  measured  to:  (1)  to  determine  if  the  muzzle  blast  kicked  dirt 
and  dust  into  the  air  in  sufficient  amounts  to  interfere  with  the 
sighting  and  aiming  process;  (2)  to  determine  position  disclosing 
effects. 

c.  Visual  light  emission  (flash).  This  signature  ef  ect  will 
be  measured.  The  muzzle  flash  is’  the  most  noticeable  signature 
effect  and  as  such  tends  to  disclose  the  firer's  position.  Flash 
can  be  measured  in  such  terms  as  size,  duration,  and  intensity 
during  day  and  night  conditions. 

d.  Backblast,  Any  identifiable  backblast  features  such  as 
smoke,  haze,  and  blow  down  which  serve  to  disclose  the  weapon's 
position,  will  be  measured. 

e.  Infrared  signature.  This  is  a  measure  of  how  easily  the 
weapon  can  be  detected  by  infrared  devices.  This  measurement 


draws  its  importance  from  the  fact  that  infrared  devices  are  becom¬ 
ing  more  and  more  common  on  the  battlefield.  The  data  obtained  by 
measuring  acquisition  ease  are  useful  in  a  2-weapon  comparison. 

8.  DURABILITY.  There  are  two  measurements  considered  in  this 
category. 

a.  Ability  to  operate  properly  after  extended  movement  and/or 
handling.  This  measurement  is  useful  in  determining  the  relative 
durability  of  two  or  more  weapons  systems.  It  is  assumed  that 'the 
extended  movement  and/or  handling  will  be  dons  in  a  combat-like 
environment  and  will  subject  the  weapon  to  stresses  normally 
experienced  in  such  an  environment. 

b.  Amount  of  breakage  as  a  function  of  operational  environment 
(relative  to  a  standard  or  competing  system).  This  measurement, 
much  like  the  one  above,  Is  designed  to  detect  durability  failures 
and  to  apply  this  measurement  in  a  2-weapon  comparison.  Breakage 
which  renders  the  weapon  inoperative  should  be  noted  and  distin¬ 
guished  from  breakage  which  does  not  affect  weapon  operation. 

9.  STABILITY. 

a.  Mount  stability.  The  stability  of  the  gun  platform  is  a  vital 
consideration.  Failure  during  firing  could  result  in  mission  failure 
as  welz  as  increase  the  risks  taken  by  the  individual /crew  operating 
the  weapons  system. 

fc.  Stability  after  changing  positions.  The  tests  of  bipod,  tri¬ 
pod,  and  vehicle-mount  stability  can  be  performed  in  conjunction  with 


other  firing  exercises.  The  mounts  should  be  tested  on  various  types 
of  terrain:  muddy,  wet,  solid,  high  grass,  dry  grass,  sand  bags, 
hills,  etc.,  as  well  as  in  the  various  combat  actions.  The  mounts 
will  be  observed  in  each  varying  situation  to  detect  anything  about 
the  weapon  which  may  hinder  the  individual/crew /weapon  combination 
in  the  performance  of  its  mission. 
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APPENDIX  I  TO  ANNEX  F 


MEASURES  OF  EFFECTIVENESS 

ACCURACY 

Number  of  hits 

Distribution  of  near  misses 

Engagement /hit  probability 

Probability  of  first  round  hit 

Rounds  fired 

RESPONSIVENESS 

Time  to  first  round 

Time  to  reload 

Time  to  first  hit 

Time  to  prepare  to  fire 

Time  between  rounds 

Time  to  shift  fires 

Time  between  hits 

Sight  manipulation  time 

SUSTAINABILITY 

Hits  per  pound  with  respect  to  basic  load 
RELIABILITY 

Time  to  clear  malfunctions 


Number  of  rounds  between  malfunctions 


PORTABILITY  AND  COMPATIBILITY 


Ease  of  handling  (hot/cold) 

Movement  time 

Preparation  of  position  and  emplacement  of  barriers 
Compatibility  with  ancillary  equipment 

Maneuverability  when  changing  positions  and/or  crossing  obstacles 

Time  to  dismount/remount  weapon  from/on  vehicle  mount 

Crew  training  requirements 

Ability  to  engage  a  moving  target 

Troop  safety  area  required 

SIGNATURE  EFFECTS 

Sound  level  recording  (blast) 

Obscuration  (smoke  and  haze) 

Visual  light  emission  (flash) 

Backblast 
Infrared  signature 
DURABILITY 

Ability  to  operate  after  extended  movement  and/or  handling 
Amount  of  breakage  as  a  function  of  operational  environment 
STABILITY 

Mount  stability  (wet/dry)  T 

Stability  after  changing  positions  (wet/dry) 
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MEASURES  OF  EFFECTIVENESS 


ANNEX  G 
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ANNEX  H 

PROPOSED  ANTITANK  WEAPONS  RANGE 

1.  General.  Any  tests  of  candidate  antitank  weapons  must  be  con-  • 
ducted  on  a  reliable  instrumented  facility  on  which  the  two  competing 
weapons  can  be  realistically  compared.  This  facility  should  provide 
the  following: 

a.  Sufficient  terrain  to  maneuver  the  tactical  unit  (weapons 
platoon,  tank-hunter-killer  team)  to  which  the  candidate  weapons  are 
normally  assigned. 

b.  The  ranges  and  safety  fans  necessary  to  test  the  maximum  ef¬ 
fective  range  of  the  candidate  weapons. 

c.  Moving  target  system:  track  and  wheel  vehicles,  personnel 
type. 

d.  Prepared  defensive  positions,  position  defilade  firing  posi¬ 
tions,  and  assault  firing  positions. 

e.  ■  Point  fire  targets  representing  tanks,  APCs,  and  bunkers. 

2.  Discussion.  The  antitank  range  shown  in  Figure  1  of  this  ar.uex 
does  not  represent  any  particular  piece  of  terrain.  The  proposed 
range  is  merely  an  example  of  what  an  antitank  range  should  look  like. 

a.  The  range  is  designed  to  test  the  following  combat  actions: 

(1)  Deliberate  Defense. 

(2)  Hasty  Defense, 
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(3)  Delaying  Action. 

(4)  Fire  and  Movement. 

(5)  Tank-Hunter -Killer  Operations. 

(6)  Advance  to  Contact. 

The  combat  actions  tested  on  the  range  comprise  6  of  the  7  repre¬ 
sentative  combat  actions  selected  by  this  study.  The  representa¬ 
tive  combat  action  ,rCombat  in  Cities”  must  be  tested  on  another 
range  due  to  special  problems  encountered  in  such  a  test. 

b.  A  certain  amount  of  crew  training  will  be  required  upon 
receipt  of  a  new  weapons  system  prior  to  actual  testing.  This  will 
include  static  firing  and  firing  at  a  moving  target.  Range  facili¬ 
ties  for  this  training  must  be  considered  to  be  locally  available 
and  consequently  will  not  require  design  consideration  on  the  pro¬ 
jected  test  range. 

c.  The  proposed  range  (see  Figure  1)  has  5  moving  targets  (A-A1 , 
B-B*,  C-C1,  D-D’,  and  E-E1),  5  stationary  tank  targets,  and  three 
different  firing  positions  (I, II, III)  with  primary,  alternate,  and 
supplementary  firing  positions.  All  the  combat  actions  listed  under 
2a  can  be  performed  on  this  range.  Deliberate  and  hasty  defense 
positions  are  available  at  firing  locations  I,  II,  and  III.  The 
ranges  from  firing  location  I  satisfy  the  most  extreme  requirements 
of  the  present  QMRs  on  heavy  antitank  weapons.  Delaying  actions  can 
be  programmed  using  any  of  the  numerous  woodlines  and  firing  positions 
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as  well  as  the  road  network  for  maneuvering.  Fire  and  movement  and 
tank-hunter-killer  operations  can  both  be  demonstrated  along  with 
the  advance  to  contact.  The  terrain  and  target  locations  permit  a 
variety  of  test  scenarios  to  be  made. 
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ANNEX  I 


REFERENCES  *  ■ 

ARliY  SUBJECT  SCHEDULES  / 

7-1  Organization,  Mission,  Capabilities  and  Characteristics  of 

the  Infantry,  Mechanized  Infantry  and  Airborne  Battalions 

7-2  .  Rifle  Squad  Tactical  Training 

7-3  Weapons  Squad  Tactical  Training'' 

7-4  Ground  Surveillance  Team  and  Section,  Tactical  Training 

7-7  81-mm  Mortar  Squad  Tactical  Training 

7-9  Patrolling 

7-10  Land  Navigation 

7-11B10  Changes  1  and  2,  MOS  Technical  Training  and' Refresher  Training 

of  Light  Weapons  Infantryman—MOS  11B10 

7-llCi.O  Changes  1  and  2,  MOS  Technical  Training  and  Refresher  Training 
of  Infantry  Indirect-five  Crewman 

7-11H10  Changes  1  and  2,  MOS  Technical  Training  and  Refresher  Training 
of  Infantry  Direct-fire  Crewman 

7-11H30  MOS  Technical  Training  of  Infantry  Direct-fire  Crewman  (ENTAO 
Antitank  Guided  Missile  Gunner) --MGS11H30 

7  12  Antiinfiltration  and  Counterguerrilla  Training 

7 "27  Heavy  Mortar  Platoon  Tactical  Training 

7-30  Rifle  Platoon  Tactical  Exercise 

7-3i  •  Weapons  Platoon  Tactical  Exercise 

.  Antitank  Platoon  Tactical  Exercise 

7-40  Rifle  Company  Tactical  Exercise 

7  50  Air  Movement  Training  . 
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Airborne  Proficiency 
7-53  Drop  Zone  Assembly 

17-37  Rifle  Squad,  Armored  Car  or  Reconnaissance  Platoon 

21-12  Survival,  Evasion  and  Escape 

21-16  Antilnfiltra'tion  and  Guerrilla  Warfare  Training 

21-19  Field  Fortifications 

21-20  Individual  Tactical  Training 

ARMY  TRAINING  PROGRAMS 

7-4  Change  1,  Infantry,  Airborne  and  Mechanized  Division,  HHC 

7-4-1  Infantry,  Airborne  and  Mechanized  Division 

7-15  Infantry,  Airborne  Infantry,  Airmobile  Infantry,  Light 

Infantry  and  Mechanized  -Infantry  Battalions  and  Brigades 

7-16  Change  1,  HHC,  Infantry,  Airborne  Infantry,  and  Mechanized 

Infantry  Battalions 

7-16-1  Change  1,  HHC,  Infantry,  Airborne  Infantry,  and  Mechanized 
Infantry  Battalions 

7-18  Rifle  Company,  Infantry,  Airborne,  Airmobile  and  Light 

Infantry  Battalions 

7-18-1  Rifle  Company,  Infantry,  Airborne,  and  Mechanized  Infantry 
Battalions 

7-42  HHC,  Infantry,  Airborne,  and  Mechanized  Brigades 

7-42-1  Change  1,  HHC,  Infantry,  Airborne  Infantry,  Airmobile 

Infantry,  and  Mechanized  Infantry  Brigades 

7-47  Rifle  Company,  Mechanized  Infantry  Battalion 

7-52  HHC,  Infantry  Brigade,  Separate 

7-56  HHC,  Airmobile  and  Light  infantry  Battalions 


>' ■  58  Combat  Support  Company,  Aiarmobile  and  Light  Infantry  Battalion 

7-137  Infantry  Long  Range  Patrol  Company 

/-167  Infantry  Platoon  .(Scout  Dog)  (TOE  7-167) 

7-168  Pathfinder  Platoons  (Sections)  (Detachments) 

17-18  Change  1,  Air  Cavalry  Troop  (TOE  17-78  and  17-108) 

ARMY  TRAINING  TESTS 

7-15  Infantry  Battalions 

7-16-1  Heavy  Mortar  Platoon,  HHC,  Infantry,  Airborne  Infantry, 
and  Mechanized  Infantry  Battalions 

7-16-3  Antitank  Platoon,  HHC,  Infantry,  Airborne  Infantry,  and 
Mechanized  Infantry  Battalions 

7-18  Change  1,  Rifle  Company,  Infantry  and  Light  Infantry 
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PURPOSE  AND  OBJECTIVES 


) 


The  purpose  of  this  analysis  is  to  establish  basic 
test  concepts  for  the  operational  evaluation  of  anti¬ 
tank  weapon  systems.  The  concepts  include  the  develop¬ 
ment  of  test  facilities,  test  methods  and  procedures, 
instrumentation  requirements,  and  data  collection  and 
processing  requirements.  To  provide  general  guide¬ 
lines  for  this  study,  an  attempt  is  made  to  identify 
critical  factors  which  should  be  considered  as  the 
methodology  study  continues.  Each  critical  factor  is 
discussed  and  recommendations  for  elimination  or  in¬ 
corporation  are  made.  If  the  factor  is  defined  to  be 
within  the  area  of  responsibility  of  the  service  test, 
or  is  expected  to  have  significant  impact  on  weapon 
system  evaluation,  procedures  for  incorporation  are 
presented.  In  this  manner,  this  project  analysis 
systematically  narrows  the  number  of  factors  until 
the  scope  of  the  antitank  methodology  study  is  de¬ 
fined. 
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The  goal  of  the  antitank  methodology  study  is 
to  insure  that  critical  factors  are  included  in.  service 
testing  so  that  the  assumption  can  be  made  that  the  re¬ 
sults  from  a  service  test  are  the  same  results  that 
would  be  achieved  if  the  weapons  were  tested  in  combat. 
The  Test  Concepts  are  described  in  detail  in  Annex  A. 
The  general  objectives  of  the  antitank  methodology 
study  are: 

To  develop  and  evaluate  methodologies  for 
the  operational  testing  of  Infanty-as- 
sociated  antitank  weapons  systems  under 
quasi-combat  conditions. 

To  identify  those  factors  which  are  crit¬ 
ical  in  testing  and  comparative  evalua¬ 
tion  in  such  an  environment.. 

To  obtain  field  test  data  as  a  basis  for 
establishing  valid  measures  of  system  ef¬ 
fectiveness  . 

To  develop  objective  standards  for  com¬ 
paring  system  effectiveness. 
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This  project  analysis  will  be  followed  by  a  com¬ 
bat-oriented  field  experiment  in  which  the  major  fac¬ 
tors  will  be  studied  empirically.  The  aim  is  to  in¬ 
crease  the  validity  and  efficiency  of  weapon  system 
performance  evaluation  by  incorporating,  to  the  ex¬ 
tent  possible,  the  variables  that  influence  combat 
effectiveness;  and  to  eliminate  from  consideration 
those  variables  which  have  little  influence  on  com¬ 
bat  effectiveness.  The  final  product  of  the  metho¬ 
dology  study  will  be  a  set  of  test  procedures  and 
test  facilities  specifically  designed  to  provide 
operationally  valid  data  for  the  objective  evaluation 
of  antitank  weapon  systems.  The  plan  of  analysis  for 
the  antitank  methodology  study  is  shown  in  Figure  1. 


PLAN  OF  ANALYSIS  -  ANTITANK 
METHODOLOGY  STUDY 
Figure  1 
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Recommendation 


THE  OPERATIONAL  EVALUATION  OF  WEAPON  SYSTEMS 


In  operational  testing,  the  test  weapon  or  other  combat  support 
end  item  must  be  evaluated  in  terms  of  the  total  context  in  which 
the  item  will  be  used. _ 


A  weapon  system  alone  is  a  meaningless  entity 
since  its  effectiveness  is  dependent  on  where  it  op¬ 
erates,  against  whom,  and  how  it  is  employed.  In  fact, 
the  factors  that  can  influence  weapon  system  performance 
number  in  scores  and  the  combinations  of  factors  number 
in  the  hundreds. 

The  ultimate  weapon  test  occurs  in  combat  but  the 
combat  environment  does  not  lend  itself  to  testing. 

The  measures  of  effectiveness  are  valid:  number  of 
enemy  casualties,  number  of  wounded  casualties,  and 
time  to  accomplish  mission.  But  even  in  combat,  cause 
and  effect  relationships  are  difficult  to  determine. 

For  instance,  outmanned  and  outgunned  forces  have  been 
known  to  overcome  extreme  odds  against  survival.  The 
cause  could  be  ascribed  to  the  strength  of  desire  and 
esprit  de  corps  or  perhaps  superior  tactical  position, 
or  some  combination  of  factors.  Mission  success  or 
fai1vre  is  dependent  on  too  many  factors  to  permit  the 
establishment  of  causal  relationships  without  adequate 
control.  Further,  data  collection  to  establish  an  ob¬ 
jective  decision  basis  is  extremely  difficult  and  often 
costly  to  acquire.  Lastly,  the  risk  of  loss  where  de¬ 
pendence  is  placed  on  an  untested  item  may  be  high. 
Although  the  ultimate  test  of  weapon  or  equipment  ef¬ 
fectiveness  may  occur  in  combat,  combat  is  not  the 
place  where  testing  should  occur. 

The  solution  to  the  problem  of  improved  testing 
lays  in  the  construction  of  the  combat  test  environment. 
The  aim  is  to  provide  an  environment  rich  enough  in  com¬ 
bat  factors  to  permit  generalization  of  test  conclusions' 
to  the  real  combat  environment,  yet  with  sufficient  con¬ 
trol  to  provide  adequate  objective  data  for  the  deter¬ 
mination  of  cause  and  effect.  A  description  of  a  pro¬ 
posed  test  facility  appears  in  Annex  B. 
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This  analysis  discusses  some  of  the  major  factors 
that  should  be  considered  in  operational  testing  of 
antitank  weapons,  and  offers  the  rationale  for  and  means 
of  incorporating  these  factors.  The  factors  discussed 
appear  in  Figure  2. 


FRAME  OF  REFERENCE  FOR  THE  OPERATIONAL 
TESTING  OF  ANTITANK  WEAPON  SYSTEM 


Figure  2 
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Recommendation 


THE  WEAPON' SYSTEM  MODEL 


Operational  evaluation  must  focus  on  the  performance  of  the 
weapon  system. _ _ 


Prior  to  the  service  test  in  the  testing  cycle,  the 
emphasis  in  testing  is  focused  on  the  weapon  itself,  the 
specific  hardware  under  development.  The  parameters  of 
particular  interest  include  weight,  recoil,  chamber  pres¬ 
sure,  muzzle  velocity,  angular  dispersion,  ballistics, 
and  ammunition  terminal  effects.  During  these  prior  tests, 
the  firing  is  accomplished  under  rigidly  controlled  con¬ 
ditions  by  men  who  are  experts  in  weapon  development  and 
testing. 

When  a  new  or  modified  weapon  reaches  the  Infantry 
Board,  it  meets  for  the  first  time  in  the  development 
cycle  the  last  major  component  of  a  weapon  system,  its 
user.  The  testing  now  shifts  emphasis  from  hardware- 
oriented  tests  to  system-oriented  tests.  Consequently, 
at  this  point  in  time,  a  weapon  ceases  to  be  a  weapon 
for  operational  purposes.  It  maintains  an  identity  for 
accountability  and  maintenance  purposes,  but  function¬ 
ally  it  ceases  to  exist  as  a  separate  entity.  It  be¬ 
comes  a  weapon  system  and,  hence,  testing  must  be 
oriented  to  the  evaluation  of  weapon  system  effective¬ 
ness. 

Similarly,  the  human  component  has  received  parti¬ 
cular  attention  in  his  development.  Attention  has 
been  paid  to  the  classification  of  inherent  capability, 
physical  condition,  morale,  and  development  of  specific 
skills.  Once  selected  as  a  component  of  a  weapon 
system  for  test  purposes,  he  too  ceases  to  exist  as  a 
distinct  entity  except  as  a  typical  representative  of 
a  broader  population.  Measures  such  as  weight,  calorie 
consumption,  IQ,  and  visual  acuity,  which  describe,  his 
characteristics,  cease  to  have  meaning  as  long  as  he  is 


a  typical  representative  and  as  long  as  normal  differences 
in  these  characteristics  do  not  have  an  appreciable  effect 
on  system  performance.  Should  members  of  either  the  user 
or  the  hardware  components  of  the  model  have  specific 
characteristics  that  enhance  or  degrade  system  performance, 
then  attention  must  be  focused  on  those  characteristics. 
These  are  discussed  later. 

The  weapon  system  can  be  defined  as  consisting  of  two 
major  components,  the  user  and  the  hardware.  Figure  3  is 
a  figurative  presentation  of  the  weapon  system  model. 

Since  the  operational  service  test  is  system  oriented  and 
primarily  considers  the  two  major  components  only  as  a  weap¬ 
on  system,  recommendations  as  a  result  of  operational  ser¬ 
vice  tests  should  normally  be  based  on  system  performance. 
Consequently,  system  performance  focuses  heavily  on  how  the 
user  and  the  weapon  function  together  as  a  system.  This 
area  of  interest  is  called  the  man-weapon  interface,  and 
is  referred  to  repeatedly  throughout  this  analysis. 


FUNCTIONAL  MODEL  OF  A  WEAPON  SYSTEM 


Figure  3 
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The  man-machine  aspect  of  antitank  weapon  system  performance 
should  be  -quantified  using  the  appropriate  measures  of  effect¬ 
iveness  . 


Human  factors  considerations  pertinent  to  the  con¬ 
duct  of  weapon  systems  testing  fall  into  several  broad 
categories  which  will  be  discussed  in  the  following  three 
sections.  These  are  the  man-machine  relationship  problem, 
individual  and  crew  proficiency,  the  imposition  of  combat 
stress,  and  motivation.  Generally,  these  factors  are  not 
as  subject  to  rigid  experimental  control  as  are  other  as¬ 
pects  of  test  procedures,  so  it  is  necessary  to  design 
means  of  minimizing  any  bias  that  could  result  in  test 
data  from  the  impact  of  these  variables. 

In  the  weapon  system  model,  the  man  component  of 
the  system  can  be  referred  to  as  the  manager,  of  the 
weapon  component.  His  function  is  to  manage  the  re¬ 
sources  under  his  control  to  achieve  the  system's  goals. 
The  manager's  performance  is  a  product  of  many  factors: 
how  well  he  can  operate  the  weapon,  how  much  he  wants 
to  get-  the  job  done,  and  under  what  conditions  he  must 
work.  The  basic  model  is  shown  in  Figure  4.  Human 
factors  focus  on  the  manager  component  of  the  weapon 
system. 

The  human  perceives  the  external  world  through  his 
senses.  The  information  he  receives  guides  his  actions 
in  accordance  with  his  assumed  goals.  One  key  to  per¬ 
formance  is  related  to  the  rapport  which  he  develops 
with  the  weapon  system  of  which  he  is  a  part.  The  hard¬ 
ware  must  be  designed  to  interface  with  the  human  with¬ 
out  placing  any  restrictions  on  the  use  of  the  senses  to 
provide  maximum  effectiveness.  A  gun  platform  such  as 
a  recoilless 106-mm  rifle  is  an  example  of  the  conflict 
that  can  arise.  Tooperate  a  weapon  system,  that  is  to 
use  weapon-mounted  sights  and  aim  the  weapon,  the  human 
must  physically  be  on  or  near  the  platform.  Yet  the 
platform  is  not  conducive  to  smooth  human  performance. 
Vision  is  obscurred  by  smoke  and  dust.  Hearing  is  im¬ 
paired  by  muzzle  blast  and  equilibrium  is  affected  by 
recoil  of  the  weapon  and  bucking  of  the  platform.  In 
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the  case  of  armored  vehicles,  there  are  further  limita¬ 
tions  due  to  restricted  vision.  Use  of  the  sights  and 
aiming  actions  are  affected  by  target  visibility  and 
motion  causing  changing  lead  angles  and  interruptions 
of  direct  line  of  sight.  The  function  of  the  weapon 
manager  in  handling  the  weapon  is  extremely  complex 
even  when  outside  influences,  such  as  incoming  fire 
from  the  enemy,  are  ignored. 

Measures  must  be  found  to  quantify  this  management  . 
aspect  of  the  weapon  system  if  maximum  system  performance 
is  to  be  achieved.  Accuracy  and  responsiveness  are  the 
two  major  areas  of  consideration.  Accuracy  is  a  measure 
of  the  ability  of  the  manager  to  estimate  target  para¬ 
meters  and  use  the  sights  for  initial  firing.  Responsive¬ 
ness  is  a  measure  of  the  ease  with  which  the  task  is  ac¬ 
complished,  and  can  be  quantified  with  such  measures  as 
time-to-first-round  and  time-between-rounds.  Measures 
that  fulfill  these  requirements  are  described  in  a  small 
arms  methodology  study  report  entitled  "Antitank  Method¬ 
ology  Review,"  US  Army  Infantry  Board,  April  1970. 

The  Methodology  Review  considered  each  combat  action 
(Annex  C)  that  would  be  required  of  an  antitank  weapon 
system  and  reduced  these  actions  to  a  set  of  critical  com¬ 
bat  tasks  (Annex  D) .  Appropriate  measures  for  each  task 
were  then  suggested  (Annex  E) .  Antitank  Experiment  I 
should  focus  heavily  on  the  further  development  of  these 
measures.  Understanding  the  weapon  system  model  depends 
on  how  well  the  man-machine  interface  can  be  quantified. 


MANAGER  CONCEPT  OF  THE  WEAPON  SYSTEM 
Figure  4 
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HUMAN  FACTORS  -  COMBAT  REALISM,  MOTIVATION,  AND  STRESS 


Stress  induced  by  causes  other  than  fear  to  provide  increased 
combat  realism  should  be  avoided  until  more  is  known  about  the 
relationship  between  artificial  stress  and  motivation. _ 


Introduction  of  combat  realism  into  a' test  environ¬ 
ment  is  recognized  as  a  major  problem  to  which  no  com¬ 
pletely  satisfactory  solution  has  been  found.  Simply 
stated,  no  adequate  method  has  been  devised  to  present 
the  test  subject  with  a  credible  threat  to  his  life  in 
a  simulated  combat  situation  wherein  only  the  subject's 
side  employs  live  fire.  Hence,  the  basic  motivations 
of  individual  and  unit  survival  may  be  largely  absent 
and  must  be  replaced  by  alternates. 

Generally,  stress  can  be  introduced  by  requiring 
the  subject  to  conduct  monotonous  and  repetitive  tasks 
in  the  presence  of  constant  distractions,  by  requiring 
the  performance  of  complex  tasks  under  severe  time  con¬ 
straints,  by  requiring  decisions  in  the  presence  of 
excessive  and  often  irrevelant  information  inputs  (in¬ 
formation  overload),  and  by  sleep  deprivation. 

However,  most  of  the  above  substitutes  have  a 
derogatory  effect  on  motivation,  a  factor  of  prime  con¬ 
cern  in  combat  and  during  weapon  testing.  Consequently, 
stress-inducing  techniques  have  dubious  value  in  the 
service  test.  The  trade  off  between  the  added  realism 
provided  by  stress-induced  subjects  and  the  possible 
reduction  in  motivation  should  be  studied  further  be¬ 
fore  stress  provided  by  factors  other  than  fear  are 
introduced  into  the  service  test.  Until  this  x'elation- 
ship  is  more  thoroughly  understood,  stress  should  be 
de-emphasized  and  other  combat  realism  inducing  tech¬ 
niques  emphasized.  The  paragraphs  that  follow  provide 
rationale  for  introducing  other  types  of  combat  realism 
into  the  test  situation. 

Living  has  been  referred  to  as  a  kind  of  game.  It 
has  sets  of  rules,  written  and  rewritten,  which,  when 
followed,  lead  to  its  successful  conclusion.  In  fact, 
the  major  difference  between  the  real  world  and  a  game 
is  the  value  of  the  stakes.  In  games,  as  well  as  in 
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life,  the  rewards  can  vary  from  large  material  gains,  to 
simple  satisfaction  and > further ,  to  avoidance  of  discom¬ 
fort.  At  some  point;,  as  the  stakes  climb  in  value,  a 
game  ceases  to  be  a  game.  The  point  at  which  this  occurs 
is  not  fixed.  It  varies  among  individuals  and  it  varies 
with  the  same  individual  as  a  function  of  changing  con¬ 
ditions  such  as  attitude  and  well-being. 
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People  can  be  classed  according  to  a  need  to  achieve 
and  the  characteristics  displayed  by  high-need  achievers 
and  low-need  achievers  remain  relatively  constant  over  a 
broad  spectrum  of  games.  Consequently,  highly  motivated 
individuals  can  be  expected  to  perform  close  to  their 
capability  limits  whether  in  games  or  in  the  real  world. 
The  characteristic  that  cannot  be  accounted  for  is  the 
adrenalin  augmented  response  that  is  produced  by  extreme 
fear.  However,  this  response  is  also  uneffected  by  stress 
substitutes  such  as  fatigue  and  boredom.  Instead  of  dup¬ 
licating  the  extreme  and/or  erratic  responses,  sub¬ 
stitute  stress  will  likely  reduce  motivation  from  a  near 
maximum  for  each  individual's  need-achievement  level  to 
some  lower  level.  The  aim  is  to  duplicate  combat  per¬ 
formance;  the  result  of  induced  stress  will  likely  move 
the  individual  away  from  that  aim. 


The  operational  service  test  should  use  test  sub¬ 
jects  that  are  alert  and  well  motivated.  Motivation  can 
be  enhanced  by  making  the  test  situation  as  near  to  com¬ 
bat  as  possible.  The  test  subject  should  perform  actions 
similar  to  those  performed  by  the  combat  soldier.  Tar¬ 
gets  should  simulate  combat  targets,  elusive  and  difficult 
to  hit.  Distractions  such  as  adjacent  firers,  artillery 
and  small  arms  simulators  would  assist  in  making  the  game 
more  real.  The  test  soldier  should  be  combat  equipped  and 
the  game  should  include  preliminaries  such  as  a  briefing 
prior  to  a  patrol  or  defensive  position  preparation  prior 
to  an  expected  attack.  The  fact  that  performance  will  be 
measured,  and  compered  to  other  individuals  or  groups  should 
be  related  to  the  test  soldier.  X,astly,  the  direct  effects 
of  the  soldier's  efforts  should  be  fed  back  to  the  soldier 
in  real  time;  e.g,,  the  dropping  and/or  smoke  release  of  a 
target  that  was  hit  would  indicate  to  the  test  soldier  that 
tie  put  together  the  correct  set  of  required  functions.  It 
should  be  stressed,  however,  that  the  scoring  and  reward/ 
punishment  schemes  should  not  be  allowed  to  become  a  game 
in  themselves  and  to  obscure  the  overall  test  objective. 

The  test  soldier  should  always  be  aware  of  his  objective. 

He  should,  for  instance,  successfully  defend  his  position 
to  the  best  of  his  ability  and  not  simply  try  to  produce 
maximum  rate  of  fire. 


“•******^  ■ 


f 

( 

<* 


9 


Recommendation 


HUMAN  FACTORS  -  INDIVIDUAL  PROFICIENCY 


Detection  of  interaction  effects  may  provide  a  means  for  im¬ 
proving  weapon  system  performance  by  concentrating  on  individual 
differences . 


Once  the  individual  has  been  selected  as  a 
component  of  a  weapon  system,  he  ceases  to  be  a 
separate  entity  from  a  testing  standpoint  as  long  as 
he  is  a  typical  representative  of  the  user  population. 
This  statement  is  generally  true  until  some  individual 
characteristic  is  found  to  have  a  significant  effect  on 
weapon  system  performance.  Normally  these  differences 
are  minor  and  have  a  corresponding  minor  effect  on  weap¬ 
on  system  performance.  Uniformity  in  proficiency  is 
also  enhanced  by  training  procedures.  Further, test  per¬ 
sonnel  are  selected  on  the  basis  of  being  close, to  the  . 
norm  for  the  particular  specialty  area.  The  result  of 
training  and  selection  procedures  is  that  the  indivdual 
selected  has  a  reasonably  representative  proficiency 
level  normally  expected  of  combat  troops.  Selection 
should  always  be  based  on  bK)S,  experience  in  MOS,  and 
proficiency  and  duration  of  combat  experience. 


Even  with  all  of  the  above  safeguards,  occasionally 
some  characteristic  of  human  component  of  the  weapon 
system,  when  varied,  will  have  a  significant  impact  on 
system  performance,  especially,  in  the  comparative  test¬ 
ing  of  such  complex  weapon  systems  as  the  TOW,  in  which 
minor  differences  in  operator  proficiency  can  account 
for  major  differences  in  performance. 

The  existence  of  interactions  between  independent 
variables  over  some  performance  variable  may  be  an 
important  aspect  of  the  man  weapon  interface.  Care 
must  be  taken  to  insure  collection  and  incorporation 
of  as  many  data  points  as  possible  into  the  analysis 
of  performance  data  so  that  interaction  effects  if 
present  can  be  found.  Particular  attention  should  be 
paid  to  such  parameters  as  pr.ior  experience  (number  of 
rounds  fired  on  the  test  and  similar  weapon  systems), 
dexterity,  and  visual  acuity. 
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Figure  5  shows  a  hypothetical  interaction  between 
a  human  factor  and  weapon  system  performance.  It  can 
be  interpreted  as  follows:  left-handedness  has  no  ap¬ 
parent  effect  on  performance  of  weapon  system  B;  however, 
left-handed  firers  are  significantly  better  in  terms  of 
target  kills  with  weapon  A.  This  indicates  that  there 
is  some  factor  in  the  manner  in  which  the  left-handed 
gunner  interfaces  with  weapon  A  that  significantly  ef¬ 
fects  performance.  At  this  point  the  rationale  for  the- 
difference -must  be  subjectively  provided.  It  may,  for 
example,  be  the  position  of  the  traverse  wheel  with  re¬ 
lation  to  the  firers  position.  Cause  and  effect  re¬ 
lationships  can  be  determined  objectively  but  further 
testing  is  necessary. 


Number  of 
Target  Kills 


Weapon  System  A 
Weapon  System  B 


Left-Handed 

Firers 


Right-Handed 

Firers 


INTERACTION  BETWEEN-  OPERATIONAL 
PERFORMANCE  (number  of  target  kills) 
AND  LEFT-HANDEDNESS 


Figure  5 


During  the  expected  life  of  a  weapon  system,  which 
normally  varies  from  10  to  20  years,  the  threat  agairfst 
which  the  weapon  system  may  be  used  can  be  expected  to 
change.  Most  of  the  conflicts  in  the  world  tend  to  occur 
between  developing  nations.  Measures  of  politic-economic 
development  and  geographic  position  are  indicators  of  a 
nation's  ability  to  wage  sustained  warfare  and  are  indi¬ 
cators  of  potential  trouble  spots.  These  analyses  define 
the  type  and  capability  of  the  enemy  and  the  terrain  most 
likely  to  be  engaged  in  future  conflicts.  Projected  over 
the  life  of  a  weapon  system,  threats  can  be  defined.  Weap¬ 
ons  are  designed  and  engineered  to  perform  against  these 
threat-environment  combinations;  tests  designed  to  produce 
the  most  efficient  weapon  systems  should  receive  the  same 
considerations.  The  test  environment  should  incorporate 
as  many  real  world  factors  as  possible. 

Targets  should  reproduce  capabilities  of  potential 
enemy  weapon  systems.  For  evample,  if  enemy  armor  or 
projected  armor  is  expected  to  have  a  cross-country  speed 
of  25  mph  during  fire  and  maneuver,  targets  should  be  able 
to  attain  speeds  of  at  least  25  mph.  Realistic  target 
speeds  require  gunners  to  estimate  lead-angle  requirements. 
Current  doctrines  that  prescribe  exposure  times  and  en» 
gagement  techniques  must  be  analyzed  and  incorporated  into 
target  actions;  wire  guided  AT  missiles  that  require  X 
seconds  to  travel  2000  meters  are  useless  against  an  enemy 
that  keeps  exposure  times  to  less  than  X  seconds  at  2000 
meters.  Target  size  and  engagement  ranges  should  duplicate 
potential  enemy  weapon  systems  so  that  such  factors  as 
range  estimation,  image  size  versus  reticle  size,  and 
image  size  versus  field  of  view  come  into  play.  Contrast 
between  target  and  target  background  should  be  realistic 
and  hence  dictates  that  targets  use  appropriate  color 
camouflage  schemes. 


Empirical  testing  may  permit  the  reduction  of  some 
of  these  factors  and  should  be  attempted  if  the  cost  to 
duplicate  some  aspect  of  a  realistic  enemy  target  is 
prohibitive.  Further,  the  type  of  target  action  should 
be  related  to  the  most  combat  actions  that  the  enemy 
will  probably  use.  The  combat  actions  are  delineated  in 
Annex  C. 


Recommendation 


EMPLOYMENT  ' 


Employment  of  weapons  systems  in  the  operational  service  test 
should  duplicate  as  many  combat  actions  as  possible. _ 


Antitank  weapons  fall  into  three  categories:  light, 
medium,  and  heavy.  For  the  most  part  the  weapons  are 
direct  fire  or  line-of-sight  systems.  The  employment  of 
antitank  weapons  is  somewhat  varied  depending  upon  the 
size  and  type  (missile  vs  conventional)  of  the  weapon 
and  the  tactical  situation.  However,  there  are  certain 
overriding  principles  which  govern  the  successful  use 
of  organic  and  attached  antitank  weapons  for  small  units 
(squad,  platoon,  and  company).  These  units  will  habit¬ 
ually  have  certain  combinations  of  antitank  weapons  to 
employ.  Regardless  of  the  number  and  types  of  antitank 
weapons  a  unit  has,  it  should  strive  for  the  following: 

Antitank  weapon  positions  which  provide  good 
fields  of  fire  out  to  the  maximum  range  of 
the  weapon  system 

Antitank  weapons  positions  which  are  mu¬ 
tually  supporting. 

Antitank  weapon  positions  which  provide 
all-around  antitank  defense  in  depth. 

Selection  of  alternate  and  supplementary 
positions  which  allow  weapon  crews  to  dis¬ 
place  frequently  and  rapidly  without  losing 
effectiveness . 

Local  security  for  antitank  crews  which  is  in¬ 
tegrated  with  other  elements  of  the  unit. 

Seperation  of  the  tanks  from  the  accompanying 
Infantry  by  using  artillery  and  small  arms 
fire. 

Concentration  on  the  tanks  initially  using 
the  principle  of  engaging  the  most  dangerous 
target  first. 


Isolation  to  engage  the  tanks  separately 
when  individuals  or  small  units  are  forced 
to  engage  tanks. 

Etigagement  should  be  made  where  tanks 
are  most  channelized  and  where  freedom 
of  movement  is  limited. 

An  analysis  of  combat  actions  to  achieve  the  above 
shows  that  firing  is  normally  done  from  either  prepared' 
stationary  positions  or  positions  that  take  advantage 
of  natural  cover  and  concealment.  To  duplicate  these 
basic  actions  the  test  facility  should  incorporate  at 
least  three  firing  positions  with  an  action  scenario 
requiring  the  crew  to  move  into  the  first  defensive 
positions  for  the  initial  target  engagement.  After 
engaging  targets,  the  crew  moves  forward  to  occupy 
alternate  positions.  During  the  move,  the  crew  should 
be  presented  with  targets  of  opportunity  that  require 
hasty  responses  from  the  crew  members.  After  the  alter¬ 
nate  positions  are  occupied  the  crew  engages  another  set 
of  targets,  perhaps  at  reduced  ranges.  Finally,  the  crew 
displaces  rearward  and  again  while  anroute  is  offered  tar¬ 
gets  of  opportunity.  The  move  itself  should  be  over 
unprepared  surfaces  to  permit  the  occurrence  of  such  op¬ 
erational  problems  as  broken  mounting  brackets  and  sight 
misalignment.  This  short  scenario  will  require  the  es¬ 
sential  tasks  of  the  combat  actions  listed  in  Figure  6. 

A  more  complete  list  appears  in  Annex  C. 


Frontal  Assault 

Retro  Grade  Operations 

Advance  to  Contact 

Area  Security 

Recon  Patrol 

Hasty  Defense 

Security  of'  Moving 

Deliberate  Defense 

Column 

Combat  in  Cities 

PARTIAL  LIST  OF  REPRESENTATIVE 

COMBAT  ACTIONS 

Figure  6 
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Recommendation 


TERRAIN 


The  type  qr  severity  of  topography  appears  to  be  relatively  un-  ■ 
important  in  operational  testing  as  long  as  it  is  rich  enough  to 
permit  the  gunner  to  estimate  factors  such  as  range,  speed,  lead 
angle,  and  near  miss  distance  in  a  realistic  manner. _ _ _ 


All  combat  is  associated  with  some  type  of  terrain  and 
steps  have  been  taken  to  include  terrain  effects  in  the 
weapon  testing  cycle.  Extreme  conditions  are  accounted  for 
by  the  tropic,  desert,  and  arctic  test  facilities.  However, 
these  extremes  do  not  lessen  the  requirement  for  testing 
under  less  severe  terrain  conditions.  (Topography,  weather 
and  vegetation  are  not  independent  and,  subsequently,  are 
included  in  the  meaning  of  the  word  terrain  as  used  here). 

A  review  of  the  impact  of  terrain  conditions  indicates 
that,  although  desirable,  testing  under  many  types  of 
terrain  may  be  unnecessary.  In  other  words,  it  appears 
more  important  to  prescribe  the  do  not’s  rather  than  the 
do's  when  incorporating  specific  terrain  requirements  into 
operational  weapon  evaluation.  The  terrain  should  not  be 
a  flat,  featureless,  KD  type  of  range.  These  ranges  do 
not  task  the  gunner/operator  to  estimate  ranges,  target 
speeds,  lead  angles,  miss  distance  feedback  data,  and  dust 
signatures  of  enemy  weapons  in  a  realistic  manner.  Any 
type  of  uneven  natural  terrain  rich  enough  in  surface 
features  to  provide  a  normal  influence  on  the  tasks  re¬ 
ferred  to  would  provide  an  acceptable  test  environment. 

In  fact,  terrain  can  be  enriched  with  the  addition  of 
reference  points  such  as  small  hills,  brush  clumps,  or 
scarred  areas  at  least  to  the  extent  permitted  by  time 
and  cost  constraints.  Terrain  features  considered  mini¬ 
mal  are  summarized  in  Figure  7. 

In  addition  to  providing  a  normal  backdrop'  for  the 
tasks  the  gunner  must  perform,  the  selected  terrain  must 
have  a  safety  fan  to  permit  target  tracking  and  shifting 
of  targets  laterally.  It  must  provide  for  the  realistic 
target  movement  described  under  Threat  and  realistic  weap¬ 
on  employment  described  under  Weapon  Employment.  Again, 
empirical  testing  may  permit  the  simplification  of  these 
requirements.  A  complete  description  of  a  proposed  anti¬ 
tank  weapon  system  test  facility  appears  in  Annex  B. 
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Engagement  ranges  from 
100  to  3000  meters. 


Lateral  dispersion  of 
targets  of  130  mils. 
(This  figure  exceeds 
the  field  of  view  of 
most  optical  sites). 


Natural,  moderately 
undulating  terrain  with 
prominent  vegetation  and 
natural  topographic  fea¬ 
tures  . 


MINIMUM  TERRAIN  REQUIREMENTS 


Figure  7 
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Recommendation 


TRAINING 


New  training  procedures  should  be  developed  for  test  weapons 
prior  to  evaluation  in  the  operational  service  test. _ 


Thus  far  in  this  analysis  emphasis  has  been  placed 
on  the  weapon  operator  or  gunner.  However,  crew  ef¬ 
fectiveness  depends  heavily  on  the  ability  of  a  group 
of  men  to  perform  together  in  a  smooth  and  efficient 
manner.  A  crew  works  as  a  team  and,  consequently,  has 
a  common  set  of  objectives.  A  gunner  or  operator  norm¬ 
ally  lays  and  fires  the  weapon.  Before  this  sequence 
can  begin,  a  crew  must  position  the  weapon  platform  ac¬ 
counting  for  any  idiosyncrasies,  prepare  the  platform 
for  recoil  absorption,  if  necessary,  prepare  the  ammu¬ 
nition,  and  load  the  weapon.  Thus,  the  effectiveness 
of  a  crew-served  weapon  is  dependent  on  how  well  each 
of  these  tasks  is  performed. 

The  training  procedures  for  crew- served  weapons 
need  close  examination  before  crews  are  trained  for 
participation  in  operational  service  testing.  The 
normal  procedure  for  preparing  crews  for  service  tests 
follows  this  pattern: 

(a)  Previously  trained  antitank  gunners  are  se¬ 
lected  and  trained  in  the  new  weapon  system. 

(b)  When  a  hew  132-mm  RR  is  to  be  tested,  the 

FM  for  the  most  similar  weapon  system,  in  this  case  the 
106-mm  RR,  is  consulted  and  a  training  schedule  pre¬ 
pared  . 

(c)  When  existing  training  procedures  state  that 
dry  fire  practice  requires  2  hours  and  gun  aiming  prac¬ 
tice  requires  4  hours ,  the  new  training  schedule  states 
the  same  thing  even  though  the  weapon  configuration  may 
be  quite  different. 

Even  worse,  it  is  highly  probable  that  the  procedures 
stated  in  the  manual  were  not  developed  for  the  current 
system  but  are  carryover's  from  earlier  generations  of 
weapon  systems. 


Each  new  weapon  system  needs  to  be  evaluated  for 
its  unique  needs,  and  training  procedures  to  optimize 
crew  performance  should  be  developed  with  this  goal 
in  mind.  Side-by-side  tests  using  two  different 
training  procedures- may  be  necessary  to  determine  op¬ 
timum  training  techniques .  This  effort  will  not  only 
insure  better  trained  crews  for  operational  service 
tests,  but  will  permit  the  introduction  of  new,  more 
effective  training  techniques  along  with  the  issue 
of  the  weapon.  The  training  gap  that  usually  occurs 
with  the  introduction  of  new  weapons  will  be  elimi¬ 
nated.  Combat  crews  will  not  be  trained  on  new  weap¬ 
ons  with  old  wehpon  training  methods  for  that  period 
of  time  that  it  takes  to  realize  the  problem  exists 
plus  the  time  it  takes  to  implement  improved  train¬ 
ing  procedures. 

Operational  measures  of  effectiveness  for  crew 
performance  are  scarce.  Time  to  first  round  and  time 
between  rounds  are  good  indicators  that  a  potential 
problem  exists.  However,  observation  by  experienced 
people  and  standard  time  and  motion  techniques  are 
more  suitable  for  isolation  of  the  problem.  Motion 
pictures  or  closed  circuit  television  with  stop  action 
and  instant  replay  capabilities  may  be  extremely  valu¬ 
able  aids. 
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Recommendation 


NIGHT  OPERATIONS 


An  all  weather,,  day/night  test  facility  should  be  developed  to  ■ 
fulfill  future  operational  antitank  weapon  system  test  require¬ 
ments.  _ _ _ • 


With  the  development  of  night  vision  devices  and 
improved  artificial  illumination  techniques,  night 
combat  operations  are  becoming  increasingly  important. 
Consequently,  operational  testing  should  include  an 
evaluation  of  the  compatibility  of  a  new  weapon  system 
and  the  night  combat  environment. 

Antitank  weapons  systems  equipped  with  or  operated 
in  conjunction  with  low-light  level  vision  aids,  such 
as  passive  night  vision  devices  or  infrared  detectors, 
should  be  tested  in  night  operations.  Such  tests  are 
critical  in  evaluating  systems  which  use  image  inten- 
sifiers,  because  such  equipment  is  subject  to  white- 
out  by  muzzle  flash,  shell  detonations,  artificial 
light  sources  such  as  vehicle  headlights,  and  other 
phenomena  resulting  in  transient  increases  in  local 
or  ambient  level  of  illumination. 

Operational  testing  at  night  is  a  relatively  new 
area  of  interest  and  contains  many  unknowns.  Method¬ 
ology  testing  is  one  means  of  isolating  the  important 
factors  and  reducing  them  to  manageable  numbers. 


In  order  to  be  effective  in  combat  with  direct  fire 
weapons,  at  least  some  degree  of  exposure  of  the  crew 
and  the  weapon  is  necessary.  There  are  two  exposure 
parameters  for  direct  fire  weapons.  These  are  the 
size  of  the  area  exposed  and  the  period  of  time  the  ex¬ 
posure  lasts.  Against  indirect  fire  weapons,  the  period 
of  time  the  weapon  is  exposed  becomes  less  important 
while  hardness  increases  in  importance . 

These  measures  are  not  difficult  to  obtain  and  need 
no  further  evaluation  in  field  experimentation.  If  the 
weapon  components  or  crew  members  are  vulnerable  to  dif¬ 
ferent  types  of  enemy  fire  during  the  period  of  target 
acquisition,  tracking,  firing  or  launching,  and  guiding, 
measures  expressed  in  time  of  exposure  and  size  of  vul¬ 
nerable  area  should  be  gathered  and  added  to  the  data 
base  for  weapon  system  evaluation.  The  problem  of  in¬ 
corporating  the  data  into  usuable  form  is  more  formid¬ 
able,  since  the  effects  of  return  fire  are  difficult 
to  quantify  and  weigh  against  other  decision  parameters. 

A  suggested  method  is  to  build  a  small  2-sided  con- 
bat  model  in  which  the  test  weapon  system  is  committed 
against  a  representative  set  of  enemy  weapons  on  a  side- 
by-side  test  basis  with  a  standard  weapon  such  as  the 
106  recoilless  rifle.  Exposure  parameters  must  be  ex¬ 
pressed  in  terms  of  probability  of  detection,  acquisi¬ 
tion,  hit,  and  kill  for  model  input.  Two  sets  of  prob¬ 
abilities  will  be  necessary:  one  set  to  be  used  in  the 
combat  model  while  the  weapon  is  passive,  and  the  other 
after  the  weapon  system  has  begun  to  engage  the  enemy. 
This  procedure  will  include  the  effects  of  the  weapon 
signature,  an  important  consideration  in  the  combat 
environment.  The  required  input  probabilities  can  be 
determined  empicially  or  perhaps  taken  from  existing 
data  on  detection. 


SUMMARY _ 

Che  cost  and  usually  limited  availability  of  prototype  AT  weap- 
3ns  dictate  that  as  much  valuable  and  useful  information  as  pos-- 
sible  be  generated  from  each  round  fired. _ 


As  a  result  of  this  analysis,  several  recommendations 
have  been  offered  for  consideration  to  improve  antitank 
test  methodology.  Some  of  these  recommendations  need  no 
further  evaluation  and  can  be  incorporated  directly  into 
operational  service  tests .  Others  are  less  straight¬ 
forward  and  need  further  evaluation  to  determine  whether 
the  effort  required  to  incorporate  them  is  worthwhile  in 
terms  of  the  expected  improvement  in  test  data. 

Following  the  edict  that  states  the  methodology  study 
is  responsible  for  isolating  and  incorporating  influencing 
factors,  this  analysis  recommends  a  field  experiment  to 
determine  the  value  of  some  of  the  factors .  Those  factors 
which  prove  to  be  of  little  value  in  discriminating  be¬ 
tween  competing  weapon  systems  can  be  dropped  from  the 
test  situation  without  loss  in  data  validity.  Others  which 
prove  to  be  important  weapon  system  performance  discrimina¬ 
tors  can  be  concentrated  on  providing  the  most  efficient 
evaluation  possible. 

Another  reason  for  recommending  that  an  antitank  ex¬ 
periment  be  accomplished  is  to  make  use  of  the  knowledge 
and  instrumentation  that  have  been  developed  during  the 
small  arms  portion  of  the  methodology.  The  sensors,  re¬ 
cording  equipment,  and  technical  support  are  already  on 
hand  and  can  be  programmed  for  use  in  supporting  an  anti¬ 
tank  field  study.  If  a  field  study  is  desired,  it  would 
be  cost  effective  to  do  it  during  the  methodology  study. 

Another  consideration  is  the  fact  that  antitank  weap¬ 
ons  tests  are  characterized  by  low  rates  of  fire  using 
relatively  expensive  rounds,  particularly  when  dealing 
with  wire  guided  systems.  Both  of  these  factors  will 
limit  the  use  of  test  replication  as  a  means  of  achieving 
statistical  significance,  and.  place  a  premium  on  thorough 
test  design. 
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Lastly,  the  cost  of  new  AT  systems  such  as  DRAGON 
is  such  that  an  investigation  into  improved  perform¬ 
ance  quantification .techniques  is  certainly  warranted. 
Methodology  gained  from  a  iield  experiment  could  sig¬ 
nificantly  improve  the  data  base  in  future  tests. 
Quantification  of  influencing  factors  is  the  first 
step  ir.  building  simulation  models,  which  in  turn 
could  be  of  use  in  designing  and  testing  future  weap¬ 
on  systems,  in  wargaming  to  examine  battlefield  affects, 
and  in  evaluating  such  factors  as  terrain  and  vegeta¬ 
tion  variations  mathematically.  The  ultimate  effect 
would  be  a  much  broader  evaluation  of  performance  with¬ 
out  the  expense  in  time  and  dollars  of  additional  field 
experimentation. 

Recommended  as  subjects  for  Antitank  Experiment  I 
are  stress,  fatigue  and  motivation  studies,  night  op¬ 
eration  experimentation  techniques,  target  parameter 
effects  (speed,  exposure  time)  and  a  vulnerability 
study.  Quantification  of  any  of  these,  subject  areas 
will  significantly  improve  the  weapon  system  frame  of 
reference.  Each  of  the  steps  necessary  for  completion 
of  Antitank  Experiment  I  appears  in  PERT  format  in  An¬ 
nex  F. 

Recommended  for  direct  incorporation  into  AT  weap¬ 
on  system  tests  without  further  evaluation  are  man- 
machine  performance  measures  for  such  tasks  as  tracking 
and  range  estimation,  improved  target  realism,  and  op¬ 
erational  employment. 


-ANNEX  A 


TEST  CONCEPTS 


1.  INTRODUCTION 

A  systematic  staff  study  entitled  "Infantry  Antitank  Weapon 
Methodology  Review"  was  completed  prior  to  the  start  of  the  meth¬ 
odology  study  for  antitank  weapons  to  provide  guidance  in  out¬ 
lining  the  scope  of  the  program.  Combat  actions  were  reduced  to 
a  set  of  combat  tasks  required  by  crew  members  to  accomplish  the 
specific  actions.  These  tasks  were  further  categorized  by  sets 
of  measures  that  could  be  used  in  an  operational  evaluation  of 
weapons  systems.  Tiie  measures  were  then  defined  and  correlated 
back  to  the  set  of  combat  actions  by  category.  This  review  pro¬ 
vided  much  of  the  background  for  the  project  analysis.  Portions 
of  the  review  are  presented  in  subsequent  annexes  as  outlined  be¬ 
low.  These  annexes  will  be  a  valuable  asset  in  actual  test  fa¬ 
cility  construction,  during  the  design  of  specific  methodology 
field  experiments,  and  during  operational  service  tests  of  anti¬ 
tank  weapons  and  equipment. 

Combat  Actions  -  ANNEX  C 

Reduction  of  Combat  Actions  -  ANNEX  D 

Measures  of  Effectiveness  -  ANNEX  E 

2.  TEST  CONCEPTS 

Test  concepts  to  be  employed  on  the  antitank  test  range  are 
predicated  upon  anticipated  weapons  systems  requirements  in  the 
1970-1'  5  time  period.  Test  concepts  are  based  upon  three  classes 
of  weapons  currently  in  use  or  in  an  advanced  state  of  development: 

a.  106-mm  Recoilless  Rifle,  M40 

b.  Light  Assault  Weapon,  M72 

c.  Heavy  Assault  Weapon,  TOW 

Other  weapons  (e.g.,  90-mra  recoilless  rifle,  120-mm  recoilless 
rifle,  Dragon  ENTAC)  which  are  similar  in  basic  concept  to  those 
mentioned  above  should  be  adaptable  to  the  test  facility  without 
significant  alternations  in  test  procedures  or  range  instrumentation. 
A  brief  description  of  a  test  procedure  is  presented  for  illustra¬ 
tive  purposes . 


3.  TEST  PROCEDURES 


As  indicated  above,  the  106-mm  recoilless  rifle,  M40,  is  the 
suggested  baseline  weapon  system  for  this  class  of  antitank  weap¬ 
on.  Tests  will  be  conducted  using  the  .50-caliber  spotting  rifle 
(M8C)  to  estimate  target  range  and  bearing.  A  typical  test  might 
proceed  thus: 

1.  Test  observers  assume  their  stations  and  a  ready  signal 
is  issued  to  the  test  officer.  The  weapon  crew  emplaces 
the  weapon  and  any  visual  aid  devices  appropriate  to  the 
scenario. 

2.  Target  motion  is  initiated  out  of  view  of  the  weapon 
crew  after  a  delay,  the  duration  of  which  is  not  known 
to  the  crew. 

3.  The  following  sequence  of  events  occurs,  and  the  cor¬ 
responding  times  are  logged  by  a  test  observer  or  data 
recorder: 

a.  Target  appearance 

b.  Target  identification 

c.  Fire  spotting  round 

d.  .Repeat  (c) ,  if  a  miss  results 

e.  Hit  on  target  by  spotting  round 

f.  Fire  antitank  round 

g.  Reload  and  repeat  (f),  if  mis'* 

h.  Hit  on  target 

i.  Target  disappearance  or  halt 

Engagement  ranges  will  be  varied  to  provide  a  realistic  evaluation 
of  P£  as  a  function  of  range.  A  suitable  choice  of  target  course 
will  provide  a  capability  for  evaluating  aiming  performance  for  a 
variety  of  viewing  angles  and  angular  rates.  The  target  presenta¬ 
tions  would  be  programmed  to  proceed  until  the  weapon  crew  has  re¬ 
vealed  its  presence  as  determined  by  an  observer  or  the  weapon  com¬ 
mander,  at  which  time  the  system  would  displace  to  alternate  firing 
positions.  Target  presentations -requiring  firing  while  on  the  move 
would  duplicate  the  tasks  required  in  such  actions  as  column  secu¬ 
rity  and  advance  to  contact. 


25 


As  engagement  ranges  are  reduced,  load  and  reload  times  and 
gunner  accuracy  become  critically  important.  Results  recorded 
during  field  tests  could  be  simulated  in  a  2-sided  wargame  in 
which  the  effects  of  load  times  can  be  assessed  operationally. 

Tests  of  wire  guided  missile  systems  would  proceed  along 
similar  lines,  except  that  longer  engagement  ranges  could  be 
used.  Test  scenarios  would  be  developed  to  evaluate  other 
system  capabilities  such  as  the  following: 

Ability  of  the  weapon  crew  to  maintain  track  in  the  presr 
ence  of  temporary  obscuration,  changes  in  target  aspect, 
and  changes  in  target  course. 

Ability  of  the  system  to  respond  to  high  angular  rates 
such  as  might  be  encountered  in  shifting  targets  sub¬ 
sequent  to  launch. 

Ability  of  the  automatic  tracking  equipment  to  maintain 
lock  on  the  target  in  the  presence  of  other  visual/infrax'ed 
sources  and  signal  attenuation  due  to  dust  or  smoke. 

4.  TEST  VARIABLES 

Three  categories  of  variables  will  be  considered  on  con¬ 
ducting  antitank  weapons  systems  methodology  study:  independent, 
dependent,  and  random.  Variables  within  these  categories  are 
listed  below: 

Independent  Variables  -  These  are  subject  to  control  and  are 
treated  in  the  test  or  experimental  design:- 

Weapon  system 

Engagement  range 

Target  characteristics 

Target  course  and  maneuvers 

Weapon  location 

Target  exposure  times 

Weapon  type 

Round  type 

Crew  proficiency 


Target  illumination 

Light  levels  (night  operations) 


Dependent  Variables  -  Measures  of  Effectiveness  -  A  complete  list 
of  dependent  variables  was  developed  during  the  Infantry  Board's 
Antitank  Methodology  Review  (see  Annex  E) .  Definitions  are  pro-' 
vided  for  each  measure  and  references  are  made  to  specific  op¬ 
erational  tasks  where  these  measures  may  assist  in  the  quantifi¬ 
cation  process. 

During  Antitank  Experiment  I,  this  list  of  measures  should  be 
evaluated  to  determine  how  precisely  combat  actions  can  be  measured. 
In  cases  where  objective  measures  could  not  be  provided,  subjective 
evaluation  is  substituted  as  an  effectiveness  measure. 

Random  Variables 


Weather 

System  Malfunctions 
5.  DATA  REQUIRED 

The  measures  cf  effectiveness  will  be  based  on  several  kinds 
of  sensor  collected  data,  which  are  discussed  in  the  following  para¬ 
graphs  . 

Target  Hits  -  Each  hit  either  by  the  spottirtg  round  or  from  the 
main  armament  or  missile  will  be  sensed  and  recorded  to  develop 
such  measures  as  time-to-first-hit.  Preferrably,  the  target  should 
be  divided  into  upper  and  lower  halves:  the  upper  half  to  repre¬ 
sent  a  fire  power  kill  and  the  lower  half  hit  a  mobility  kill.  A 
laminated  honeycomb  paper  product  has  been  tested  and  appears  to 
be  satisfactory  as  a  target  material.  Aluminum  foil  or  screen  at¬ 
tached  to  both  sides  of  the  honeycomb  material  acts  as  a  conductor 
for  scoring  hits.  The  honeycomb  material  acts  as  a  dielectric; 

This  material  has  been  tested  using  the  106-mm  round.  The  test 
results  are, reported  in  aUSAIB  Technical  Memorandum  entitled 
"Electronic  Scoring  Material  for  Antitank  Ammunition"  (see  Annex  G) . 

Miss  Distance  -  Near-miss  data  can  be  obtained  by  acoustic  in¬ 
strumentation  mounted  on  the  target  for  hypersonic  ammunition.  Ah 
alternate  scheme  must  be  developed  for  testing  missile  systems. 
Photographic  techniques  appear  to  .be  within  the  present  capabilities 
of  the  Infantry  Board  provided  the  magnitude  of  the  test  is  small. 
Photographic  data  reduction  is  normally  very  time  consuming. 
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Response  Times  -  These  are  measures  of  time  required  by  the  anti¬ 
tank  weapon  crew  to  accomplish  required  tasks,  including  but  not 
necessarily  limited  to  target  identification  and  acquisition, 
range  estimation,  weapon  loading,  emplacement  of  spotting  rounds, 
target  tracking,  weapon  reload,  and  target  shifting.  The  simplest 
method  of  measuring  response  time  is  to  employ  an  observer  equip¬ 
ped  with  check  list  and  stopwatch  or  event  recorder.  Correlation 
of  data  would  be  facilitated  if  the  observer  were  further  equipped 
with  a  device  to  transmit  event  data  to  the  data  collection  center' 
in  real  time. 

Round  Count  -  Accoustic  systems  can  be  used  for  conventional  weap¬ 
ons  and  accoustic/electric  should  be  considered  for  missile  systems. 
The  important  factor  is  not  to  instrument  the  weapon  in  such  a  way 
as  to  interfere  with  its  balance  or  handling  characteristics. 

Target  Location  -  Location  of  the  target  within  the  moving  tar¬ 
get  trace  is  required  to  describe  accurately  the  conditions  under 
which  a  waa  calculated.  Switches  spaced  along  the  target  trace 
and  activated  by  the  target  carrier  as  it  passes. over  can  be  used 
to  estimate  target  speed,  exposure  time,  and  range  at  the  time  of 
acquision,  tracking,  and  firing  by  the  crew. 

Environmental  Factors  -  Wind  velocity  and  direction, .ambient  light, 
visibility,  and  other  factors  affecting  mission  performance  should 
be  measured  objectively  during  each  firing  for  possible  correlation 
with  performance. 


ANNEX  B 


PROPOSED  ANTITANK  WEAPONS  TEST  FACILITY 


1.  GENERAL 

Any  tdsts  of  candidate  weapons  must  be  conducted  on  a  reliable 
instrumented  facility  on  which  the  two  competing  weapons  can  be 
operationally  compared.  The  most  ideal  facility  is  one  that  pro¬ 
vides  the  following: 

a.  Sufficient  terrain  on  which  to  maneuver  the  tactical 
unit  (weapons  platoon,  tank-hunter-killer  team)  to 
which  the  candidate  weapons  are  normally  assigned. 

b.  The  ranges  and  safety  fans  necessary  to  test  the 
maximum  effective  range  of  the  candidate  weapons . 

c.  Moving  target  system:  track  and  wheel  vehicles, 
personnel  type. 

d.  Prepared  defensive  positions,  defilade  firing 
positions,  and  assault  firing  positions. 

e.  Point  fire  targets  representing  tanks,  APC's,  and 
bunkers . 

2 .  DISCUSSION 

The  antitank  range  shown  in  Figure  B-l  of  this  annex  does  not 
represent  any  particular  piece  of  terrain  at  Fort  Benning.  The  pro¬ 
posed  range  is  merely  an  example  of  what  an  ideal  antitank  range 
should  look  like. 

a.  The  range  is  designed  to  test  the  following  combat  actions. 

(1)  Deliberate  Defense. 

(2)  Hasty  Defense. 

(3)  Retrograde  Operations. 

(4)  Fire  and  Movement. 

(5)  Tank-Hunter-Killer  Operations. 

(6)  Advance  to  Contact . 


The  combat  actions  tested  on  the  range  comprise  6  of  the  7  repre¬ 
sentative  combat  actions  selected  by  this  study  (Annex  C) .  The 
representative  combat  action  "Gombat  in  Cities"  must  be  tested  on 
another  range  due  to  special  problems  encountered  in  such  a  test. 

b.  A  certain  amount  of  crew  training  will  be  required  upon  re¬ 
ceipt  of  a  new  weapon  system  prior  to  actual  testing.  This  will  in¬ 
clude  static  firing  and  firing  at  a  moving  target.  It  will  also  in¬ 
clude  evaluation  of  training  methods  to  insure  that  methods  adopted 
for  training  of  each  crew,  particularly  if  the  weapon  is  new  or  has 
been  modified,  is  suited  to  the  test  weapon.  Crew  training  may  have 
an  impact  on  weapon  system  performance  and  must  be  given  serious  con¬ 
sideration  prior  to  any  operational  evaluation.  Range  facilities  for 
this  training  must  be  locally  available  and  should  not  require  the 
use  of  the  pro jected' test  facility. 

c.  The  proposed  range  (see  Figure  B-l)  has  4  moving  targets 
(A-A',  B-B',  C-C' ,  &  D-D'),  5  stationary  tank  targets  (2  of  which 
are  in  hull  defilade  and  one  is  a  fortified  fixed  position) ,  and 
three  different  firing  positions  (A,B,C)  with  primary,  alternate,  and 
supplementary  firing  positions.  All  the  combat  actions  listed  under 
2a  can  be  performed  on  this  range.  Deliberate  and  hasty  defense  posi¬ 
tions  are  available  at  firing  locations  A,B,  and  C.  The  ranges  from 
firing  location  A  satisfy  the  most  extreme  requirements  of  the  present 
QMR's  or.  heavy  antitank  weapons.  Retrograde  operations  can  be  pro¬ 
grammed  using  any  of  the  numerous  woodlines  and  firing  positions  as 
well  as  the  road  network  for  maneuvering.  Fire  and  movement  and 
tank-hunter-killer  operations  can  both  be  demonstrated  along  with 

the  advance  to  contact.  The  terrain  and  target  locations  permit  a 
variety  of  test  scenarios  to  be  made. 

d.  In  any  combat  situation,  the  enemy  is  anything  but  an  exposed, 
passive  receiver  of  friendly  fire.  The  enemy  can  be  expected  to  be 
elusive  and  to  keep  his  own  exposure  times  limited.  Therefore,  tar¬ 
get  exposure  times  (excluding  fortified  positions)  should  be  realistic. 
This  will  help  to  insure  that  results  of  weapon  system  effectiveness 
tests  will  be  indicative  of  combat  results  under  similar  conditions. 

e.  Conversely,  exposure  time  of  the  test  weapons  systems  should 
be  a  part  of  the  evaluation  procedure.  The  time  which  is  required 
to  acquire,  track  the  target,  and  fire  is  an  important  consideration 

if  the  weapon  system  is  exposed  to  enemy  return  fire  during  that  period 
Measurements  of  the  degree  and  time  of  exposure  should  be  a  part  of 
the  system  tests.  The  effects  of  this  exposure  period  could  best  be 
determined  by  a  2-sided  simulation  model  in  which  return  fire  can  have 
direct  effect  on  system  performance.  This  is  one  area  in  which  com¬ 
puter  simulation  models  could  effectively  augment  operational  service 
tests. 


ANNEX  C 


ANTITANK  COMBAT  ACTIONS 


This  review  of  combat  actions  deals  with  a  wide  variety  of  weap¬ 
ons  (light, medium,  and  heavy  antitank  weapons)'  having  varying  cap¬ 
abilities.  The  combat  actions  considered  do  not  all  apply  to  each 
weapon  system  (for  instance,  the  LAW  would  rarely  be  used  in  the 
combat  action,  combat  outpost,  and  the  TOW  would ^probably  not  be 
used  at  all  for  tank-hunter-killer  operations) .  The  combat  actions 
listed  are  designed  to  be  all-inclusive  and  to  cover  antitank  weap¬ 
on  employment  under  normal  conditions.  The  combat  actions  list  was 
prepared  after  researching  pertinent  doctrinal  and  training  literature. 


1. 

Combat  Outpost 

13. 

Fire  and  Movement 

2. 

Delaying  Action 

14. 

Consolidation 

3. 

Roadblocks 

15. 

Exploitation 

4. 

Retrograde  Operations 

16. 

Breaching  Operations 

5. 

Collapsing  Defense  in 
Withdrawal  from  LZ 

17. 

River  Crossing 

6. 

Area  or  Position  Security 

18. 

Ambush 

7. 

Hasty  Defense 

19. 

Advance  to  Contact 

8. 

Deliberate  Defense 

20. 

Security  of  Moving  Column 

9. 

Counterattack 

21. 

Search  and  Clear 

10. 

Tank-Hunter  Operations 

22. 

Recon  Patrol 

11. 

Frontal  Assault 

23. 

Combat  Patrol 

12. 

Fire  and  Maneuver 

24. 

Counterambush 

25. 

Combat  in  Cities 

ANTITANK  COMBAT  ACTIONS 
Figure-  C-l 
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ANNEX  D 


REDUCTION  OF  COMBAT  ACTIONS 


The  primary  purpose  of  the  combat  action  concept  table  in  Annex  C 
is  to  provide  a  means  of  reducing  the  number  of  combat  actions  by  com¬ 
bining  those  actions  which  show  similar  characteristics.  A  detailed 
study  of  the  combat  actions  (see  Figure  D-2  in  which  25  combat  actions 
are  shown)’  was  undertaken.  Through  the  review,  the  combat  actions  were 
reduced  to  13  critical  combat  tasks  with  primary  emphasis  placed  on  the 
actions  of  the  individual/ crew  weapon  combination.  Each  critical  com¬ 
bat  task  is  considered  relative  to  each  category  of  antitank  weapons 
(light,  medium  and  heavy).  The  ranges  mentioned  (such  as  short,  med¬ 
ium,  and  long)  are  relative  to  the  weapon  being  tested  and  will  take 
into  consideration  the  weapon's  minimum  arming  distance  and  maximum 
effective  range  (for  instance,  one  antitank  weapons  minimum  arming 
distance  might  be  another's  maximum  range).  The  tasks  are  shown  in 
Figure  D-l. 


Long  range  aimed  fire  on  selected  targets. 


Medium  to  short  range  fire--supported  firing 
position . 

Medium  to  short  range  fire- -unsupported  firing 
position. 

Rapid  movement — rapid  reload. 

Medium  to  short  range  fire--rapid  displacement. 


Maximum  aimed  fire- ••minimum  exposure  to  enemy  fire. 

Rapid  reaction  to  suitable  targets. 

Deliberate  methodical  movement  with  detailed 
observation. 

Anticipated  short  and/or  mediun  range  enemy  contact. 
Clear  fields  of  fire. 

Prepare  and  camouflage  positions. 

Put  in  and/or  utilize  existing  barriers. 

Conduct  recon  of  withdrawal  and  occupation  routes. 


CRITICAL  COMBAT  TASKS 


Figure  D-l 
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The  review  reveals  that  certain  critical  combat  tasks  are  common  to 
one  or  more  combat  actions.  For  the  purpose  of  analysis  the  combat 
actions  were  divided  into  two  distinct  groups,  mobile  operations  and 
static  operations,  thus  allowing  further  reduction  in  combat  actions. 

The  following  discussion  and  analysis  briefly  describes  each  com¬ 
bat  action  and  shows  the  basis  of  similarity  of  critical  combat  tasks 
performed.  Figure  D-2  shows  the  relationship  between  the  combat 
actions  arid  combat  tasks  as  a  function  of  AT  weapon  types  (light, 
medium,  and  heavy).  The  combat  actions  can  be  grouped  into  a  smaller 
number  of  representative  combat  actions  each  of  which  displays  simi¬ 
lar  characteristics  (in  this  case,  measurable  characteristics)  of  its 
subelements.  This  reduction  allows  a  more  complete  and  comprehensive 
study  to  be  made  of  the  representative  combat  actions  and  provides  a 
more  manageable  set  of  parameters  for  use  in  the  methodology  evalua¬ 
tion. 


a.  Static  operations  are: 

Deliberate  Defense 

Fire  and  Maneuver 

Hasty  Defense 

Area  or  Position  Security 

Reorganization  and  Consolidation 

* 

Ambush 

Combat  Outpost 
Roadblocks 

(1)  Deliberate  Defense.  The  combat  action,  deliberate  defense,  is 
a  well-planned  relatively  permanent  defensive  posture.  It  is  character¬ 
ized  by  thorough  position  preparation  using  every  means  available  to  de¬ 
fend.  Reference  to  the  task/ action  concept  table  shows  that  the  ma¬ 
jority  of  the  critical  combat  tasks  considered  are  performed  in  the  de¬ 
liberate  defense.  For  this  reason  this  combat  action  will  be  considered 
as  a  representative  action  which  displays  all  the  characteristics  of 
other  combat  actions  to  be  discussed  later  in  this  study. 

(2)  Fire  and  Maneuver.  This  combat  action  considers  only  the 
actions  of  the  base  of  fire  elements  and  not  the  maneuver  element  (to 
be  discussed  later  in  the  mobile  operations  section  under  the  head¬ 
ing  of  Fire  and  Movement).  The  bpse  of  fire  element  is  primarily 


35 


responsible  for  providing  fire  support  for  the  maneuver  element. 
Normally  the  base  of  fire  element  is  in  a  static  position  for  a  fixed 
period  of  time  and  is  characterized  by  aimed  fire  from  a  stationary 
position.  Reference  to  the  task/action  concept  table  shows  that  all 
measurements  required  for  fire  and  maneuver  are  included  in  the  com¬ 
bat  action,  deliberate  defense.  For  this  reason  the  combat  action, 
fire  and  maneuver,  is  combined  as  being  a  subelement  of  the  representa¬ 
tive  combat  action,  deliberate  defense. 

(3)  Hasty  Defense.  The  hasty  defense  is  an  example  of  a  defense 
in  which  little  time  has  been  allowed  for  position  preparation  and 
planning.  Normally  the  hasty  defense  is  used  for  a  relatively  short 
period  of  time  (after  which  it  either  evolves  into  a  deliberate  de¬ 
fense  or  becomes  an  offensive  or  retrograde  operation) .  The  hasty 
defense  is  a  representative  combat  action  displaying  many  character¬ 
istics  of  other  combat  actions. 

(4)  Area  or  Position  Security.  This  combat  action  deals  with 
the  security  of  a  small  area  (such  as  the  site  of  a  downed  helicopter 
or  the  area  around  a  water  point) ,  In  thi3  instance  it  is  assumed  that 
the  security  element  will  only  be  in  position  for  a  relatively  short 
period  of  time  and  will  not  fortify  itself  to  the  extent  that  it  might 
in  a  more  permanent  situation.  The  critical  combat  tasks  performed  are 
similar  to  those  performed  during  the  hasty  defense  and  can  all  be  mea¬ 
sured  under  the  heading  of  hasty  defense. 

(5)  Reorganization  and  Consolidation.  Reorganization  and  consoli¬ 
dation  pertain  to  actions  taken  to  organize  and  strengthen  a  newly 
gained  objective.  Initially,  a  hasty  defensive  posture  is  assumed  to 
ward  off  possible  counterattacks.  Consideration  of  the  critical  com¬ 
bat  tasks  performed  during  the  consolidation  indicates  that  this  com¬ 
bat  action  is  characterized  by  minimum  position  preparation  time  under 
threat  of  imminent  enemy  attack  and  medium- to -short- range  aimed  fire. 
Since  the  tasks  are  similar  to  those  performed  in  the  hasty  defense, 

it  will  be  evaluatad  under  that  heading. 

(6)  Ambush.  The  combat  action,  ambush,  deals  with  relatively 
close  range  fires  from  a  mobile  force.  The  individual/ crew  weapon 
actions  are  included  in  the  combat  action,  tank-hunter  killer  opera¬ 
tions,  as  well  as  in  the  hasty  defense.  The  only  critical  combat 
task  not  covered  in  the  combat  action,  hasty  defense,  is  the  task 
involving  "deliberate  methodical  movement  with  detailed  observation." 
This  task  is  covered,  however,  in  the  combat  action,  tank-hunter- 
killer  operations.  The  combat  action,  ambush,  is  included  as  a  sub¬ 
element  of  both  hasty  defense  and  tank-hunter-killer  operations . 


responsible  for  providing  fire  support  for  the  maneuver  element. 
Normally  the  base  of  fire  element  is  in  a  static  position  for  a  fixed 
period  of  time  and  is  characterized  by  aimed  fire  from  a  stationary 
position.  Reference  to  the  task/ action  concept  table  shows  that  all 
measurements  required  for  fire  and  maneuver  are  included  in  the  com¬ 
bat  action,  deliberate  defense.  For  this  reason  the  combat  action, 
fire  and  maneuver,  is  combined  as  being  a  subelement  of  the  representa¬ 
tive  combat  action,  deliberate  defense.  .  ■ 

(3)  Hasty  Defense.  The  hasty  defense  is  an  example  of  a  defense 
in  which  little  time  has  been  allowed  for  position  preparation  and 
planning.  Normally  the  hasty  defense  is  used  for  a  relatively  short 
period  of  time  (after  which  it  either  evolves  into  a  deliberate  de¬ 
fense  or  becomes  an  offensive  or  retrograde  operation).  The  hasty 
defense  is  a  representative  combat  action  displaying  many  character¬ 
istics  of  other  combat  actions. 

(4)  Area  or  Position  Security.  This  combat  action  deals  with 
the  security  of  a  small  area  (such  as  the  site  of  a  downed  helicopter 
or  the  area  around  a  water  point).  In  this  instance  it  is  assumed  that 
the  security  element  will  only  be  in  position  for  a  relatively  short 
period  of  time  and  will  not  fortify  itself  to  the  extent  that  it  might 
in  a  more  permanent  situation.  The  critical  combat  tasks  performed  are 
similar  to  those  performed  during  the  hasty  defense  And  can  all  be  mea¬ 
sured  under  the  heading  of  hasty  defense. 

(5)  Reorganization  and  Consolidation.  Reorganization  and  consoli¬ 
dation  pertain  to  actions  taken  to  organize  and  strengthen  a  newly 
gained  objective.  Initially,  a  hasty  defensive  posture  is  assumed  to 
ward  off  possible  counterattacks.  Consideration  of  the  critical  com¬ 
bat  tasks  performed  during  the  consolidation  indicates  that  this  com¬ 
bat  action  is  characterized  by  minimum  position  preparation  time  under 
threat  of  imminent  enemy  attack  and  medium- to-short-range  aimed  fire. 
Since  the  tasks  are  similar  to  those  performed  in  the  hasty  defense, 

it  will  be  evaluated  under  that  heading. 

(6)  Ambush.  The  combat  action,  ambush,  deals  with  relatively 
close  range  fires  from  a  mobile  force.  The  individual/crew  weapon 
actions  are  included  in  the  combat  action,  tank-hunter  killer  opera¬ 
tions,  as  well  as  in  the  hasty  defense.  The  only  critical  combat 
task  not  covered  in  the  combat  action,  hasty  defense,  is  the  task 
involving  "deliberate  methodical  movement  with  detailed  observation." 
This  task  is  covered,  however,  in  the  combat  action,  tank-hunter- 
killer  operations.  The  combat  action-,  ambush,  is  included  as  a  sub¬ 
element  of  both  hasty  defense  and  tank-hunter-killer  operations . 
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(7)  Combat  Outpost.  The  combat  outpost  is  a  security  element 
which  denies  the  enemy  close  ground  observation  of  the  battle  area 
and  provides  early  warning  of  his  advance.  The  combat  outpost  gen¬ 
erally  engages  the  enemy  with  long-range  fires  and  avoids  direct 
close  contact  whenever  possible.  Antitank  weapons  are  normally  po¬ 
sitioned  for  mutual  support  to  engage  enemy  armor  at  maximum  range 
By  virtue  of  the  critical  combat  tasks  performed,  the  combat  action, 
combat  outpost,  is  grouped  under  the  title,  retrograde  operations.  ‘ 

This  action  is  characterized  by  medium-to-long-range  fires  and  rapid 
withdrawal  without  decisive  engagement.  The  combat  action,  retro¬ 
grade  operations,  falls  under  the  category  of  mobile  operations,  and 
will  be  discussed  at  length  later  on  in  this  study, 

(8)  Roadblocks.  The  combat  action,  roadblock,  is  used  to  pre¬ 
vent  or  hinder  enemy  movement  beyond  a  point  or  area  along  a  road  or 
other  route  of  advance.  The  planning  of  a  roadblock  is  quite  similar 
to  that  used  in  a  deliberate  defense.  Reference  to  the  task/ action 
concept  table  shows  that  all  the  combat  tasks  performed  in  a  road¬ 
block  operation  are  common  to  the  deliberate  defense.  Based  upon 
this  fact  the  roadblock  is  combined  as  a  subelement  of  the  representative 
combat  action,  deliberate  defense. 

Discussion  and  analysis  of  the  combat  actions  in  the  static  op¬ 
erations  category  reduce  the  number  of  combat  actions  within  the 
category  from  eight  to  two.  The  two  representative  combat  actions 
remaining  are  the  deliberate  defense  and  the  hasty  defense. 

b.  Mobile  operations  are: 

Fire  and  Movement 
Tank-Hunter  Killer  Operations 
Advance  to  Contact 
Combat  in  Cities 
Retrograde  Operations 
Frontal  Assault 
Exploitation 
River  Crossing 
Aerial  Assault 
Search  and  Clear 
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Combat  Patrol 


Counterattack 

Counterambush 

Security  of  a  Moving  Column 

Breaching  Operations 

Collapsing  Defense  in  Withdrawal 
from  LZ 

Delaying  Action 

(1)  Fire  and  Movement.  Fire  and  movement  begins  when  the  maneuver 
element  meets  effective  enemy  opposition  and  can  no  longer  advance 
under  cover  of  supporting  fires  without  taking  unacceptable  losses. 

Fire  and  movement  within  the  maneuver  element  is  characterized  by  the 
action  of  individuals,  fire  teams,  and  squads  in  the  assault  of  an 
objective.  Maximum  aimed  firepower  must  be  used  to  cover  the  ad¬ 
vancing  elements.  The  combat  action,  fire  and  movement,  is  considered 
as  a  representative  combat  action. 

(2)  Tank-Hunter  Killer  Operations.  This  combat  action  is  char¬ 
acterized  by  small  teams  trained  to  destroy,  disorganize,  and  delay 
armored  formations.  Normally  the  teams  are  relatively  mobile  and 
engage  their  targets  from  close  range  with  light  antitank  weapons. 

Since  this  combat  action  deals  with  special  operations  it  is  con¬ 
sidered  by  itself  as  a  representative  combat  action. 

(3)  Advance  to  Contact.  Advance  to  contact  is  an  offensive 
action  designed  to  gain  and  maintain  contact  with  the  enemy.  Con¬ 
sideration  of  this  combat  action  indicates  that  it  is  representative 
of  other  combat  actions  which  will  be  included  under  the  title, 
advance  to  contact,  as  subelements. 

(4)  Combat  in  Cities.  The  combat  action,  combat  in  cities,  is 
characterized  by  restricted  observation  and  fields  of  fire  as  well 
as  excellent  concealment  and  cover  for  both  the  attacker  and  the 
defender.  Movement  is  difficult  by  vehicle  since  streets  and  alleys 
constitute  readymade  fire  lanes  and  killing  zones.  Direct  fire 
weapons  must  be  well  forward  in  order  to  be  effectively  employed. 

By  virtue  of  its  wide  spectrum  of  critical  combat  tasks  the  combat 
action,  combat  in  cities,  must  be  designated  as  a  representative 
action. 

(5)  Retrograde  Operations.  A  retrograde  operation  is  any  organ¬ 
ized  movement  of  a  unit  to,  the  rear  or  away  from  the  enemy.  It  may 
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be  forced  by  the  enemy  or  made  voluntarily.  A  retrograde  operation 
may  be  classified  as  a  withdrawal,  a  delaying  action,  or  a  retirement. 
Good  observation  and  fields  of  fire  are  sought  to  permit  engaging  the 
enemy  at  long  ranges.  Routes  of  withdrawal  are  carefully  reconnoi- 
tered  in  order  to  exploit  the  terrain  to  the  maximum.  The  combat 
action,  retrograde  operations,  was  selected  as  a  representative  com¬ 
bat  action  based  upon  the  critical  combat  tasks  which  are  performed. 

(6)  Frontal  Assault.  The  frontal  assault  is  normally  the  final 
assault  on  the  objective  and  is  characterized  by  a  high  volume  of 
fire  both  aimed  and  suppressive  in  nature.  Reference  to  the  task/ 
action  concept  table  indicates  that  all  critical  combat'  tasks  per¬ 
formed  during  this  combat  action  are  also  performed  during  the  combat 
action,  fire  and  movement.  For  this  reason  the  combat  action,  frontal 
assault,  is  included  as  a  subelemeit  of  fire  and  movement. 

(7)  Exploitation.  Exploitation  is  an  offensive  operation  which 
may  follow  a  successful  penetration  or  envelopment.  It  is  character¬ 
ized  by  relatively  rapid  movement  and  mobility  with  the  primary  em¬ 
phasis  being  placed  upon  keeping  the  enemy  disorganized  and  in  a 
state  of  retreat.  Only  a  limited  number  of  critical  combat  tasks 
are  performed  during  this  combat  action  and  for  this  reason  it  will 
be  included  as  a  subelement  of  the  representative  combat  action,  fire 
and  movement.  This  grouping  will  allow  all  the  measurable  parameters 
of  exploitation  to  be  evaluated. 

(8)  Search  and  Clear.  The  combat  action,  search  and  clear,  is 
a  special  operation  used  as  an  effective  measure  to  combat  guerrilla 
forces.  If  is  characterized  by  alert  movement  with  rapid  reaction 
to  enemy  fire,  medium  to  short  range  enemy  contact,  and  aggressive 
action  to  gain  and  maintain  enemy  contact.  The  critical  combat 
tasks  performed  during  this  combat  action  are  also  included  in  the 
representative  combat  action,  advance  to  contact  *  and  allow  the 
search  and  clear  operation  to  be  considered  and  evaluated  as  a 
subelement  of  this  representative  combat  action. 

(9)  Combat  Patrol.  Combat  patrols  are  heavily  armed  detach¬ 
ments  sent  out  to  kill  or  capture  the  enemy  or  to  destroy  his  equips 
ment ,  materiel,  or  installations.  They  are  characterized  by  alert 
movement  with  rapid  reaction  to  enemy  fire,  medium  to  shortrange 
enemy  contact,  and  aggressive,  violent  action  to  destroy  the  enemy. 
Mobility  and  firepower  are  two  necessary  ingredients  of  this  com¬ 
bat  action.  The  critical  combat  tasks  performed  during  the  combat 
patrol  are  also  considered  during  the  representative  combat  action, 
advance  to  contact.  Reference  to  the  task/ action  concept  table 
indicates  that  this  combat  action  ‘can  be  completely  evaluated  as 
a  subelement  of  advance  to  contact. 
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(10)  Recon  Patrol.  Reconnaissance  patrols  move  to  specified 
points  or  areas,  gather  required  information  through  observation, 
and  report  information  obtained.  They  will  avoid  enemy  contact 
whenever  possible,  fighting  only  when  necessary  to  accomplish  the 
mission.  Mobility  and  stealth  are  prime  considerations.  The 
critical  combat  tasks  performed  can  all  oe  proparly  evaluated  under 
the  representative  combat  action,  advance  to  contact. 

(11)  Counter  ittack.  A  counterattack  is  a  limited-objective 
attack  designed  to  destroy  or  eject  the  enemy  from  an  area  of  pene¬ 
tration  and  to  regain  lost  portions  of  the  battle  area.  This  com¬ 
bat  action  deals  with  a  total  group  reaction  and  is  consequently 
difficult  to  measure  on  an  individual  basis.  The  reaction  of  the 
group  is  the  result  of  considerable  training  and  teamwork  involving 
the  same  individual/crew  actions  found  in  fire  and  movement.  This 
combat  action  can  be  properly  evaluated  as  a  subelement  of  the 
representative  combat  action,  fire  and  movement. 

(12)  Counterambush.  The  counterambush,  much  like  the  counter¬ 
attack,  deals  with  a  total  group  reaction  and  is  consequently  dif¬ 
ficult  to  measure  on  an  individual  basis.  The  critical  combat  tasks 
performed  can  all  be  evaluated  under  the  representative  combat  action, 
fire  and  movement. 

(13)  Security  of  a  Moving  Column.  This  combat  action  includes 
such  critical  combat  tasks  as  alert  movement  with  rapid  reaction  to 
enemy  fire,  medium-to-short-range  enemy  contact,  and  aggressive  action 
to  gain  and  .maintain  enemy  contact.  Reference  to  the  task/action  con¬ 
cept  indicates  that  all  the  tasks  considered’  are  also  covered  under 
the  representative  combat  action,  advance  to  contact. 

(14)  Breaching  Operations.  The  role  of  the  antitank  weapon  in 
this  combat  action  is  to  neutralize  the  fires  of  a  bunker  under  at¬ 
tack,  enemy  forces  in  open  emplacements  around  the  bunker,  and  lo¬ 
cations  suspected  of  containing  enemy  who  can  hinder  the  advance  of 
a  maneuvering  element.  All  the  critical  combat  tasks  performed  in 
this  combat  action  can  be  evaluated  under  the  representative  combat 
action,  fire  and  movement. 


(15)  Collapsing  Defense  in  Withdrawal  from  an  LZ.  This  combat 
action  is  a  special  operation  brought  about  by  the  introduction  of  the 
helicopter  as  a  primary  source  of  mobility  in  combat.  It  deals  pri¬ 
marily  with  a  progressively  decreasing  perimeter  defense  designed  to 
protect  the  operations  on  the  LZ  itself.  The  critical  combat  tasks 
perfomec  are  varied  and  most  closely  resemble  the  tasks  required  in 
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retrograde  operations.  The  task/action  concept  table  shows,  that  all 
the  critical  combat  tasks  can  be  properly  evaluated  under  the  repre¬ 
sentative  combat  action,  retrograde  operations. 

(16)  Delaying  Action.  The  delaying  action  is  an  operation  in 
which  a  force  under  pressure  trades  space  for  time  while  inflicting 
maximum  punishment  on  the  enemy  without  becoming  decisively  engaged 
in  combat-  During  the  conduct  of  the  operation  the  delaying  force 
maintains  contact  with  the  enemy.  It  delays  to  the  maximum  between, 
as  well  as  on,  successive  positions.  It  takes  advantage  of  all  ob¬ 
stacles  and  employs  maximum  fires  at  long  ranges.  Mobility  and  long- 
range  aimed  fire  are  two  important  characteristics  of  this  combat 
action.  All  the  critical  combat  tasks  performed  during  this  action 
are  included  in  the  representative  combat  action,  retrograde  op¬ 
erations. 

c.  The  25  combat  actions  initially  considered  have  now  been 
reduced  to  7.  Each  critical  combat  task  considered  in  the  25  combat 
actions  is  considered  in  the  7  representative  combat  actions.  This 
summary  is  shown  in  Figure  D-3. 
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COMBAT  ACTIONS  REPRESENTATIVE  COMBAT  ACTIONS 

STATIC  OPERATIONS 

Deliberate  Defense  ------------------  DELIBERATE  DEFENSE 

Fire  arid  Maneuver  ' 

Roadblocks 

Hasty  'Defense  -  --  --  --  --  --  --  --  --  --  --  -  HASTY  DEFENSE 


Area  or  Position  Security 
Reorganization  and  Consolidation 
-Ambush 

Combat  Outpost  ------------------------- 

i 

MOBILE  OPERATIONS  • 

i 

Retrograde  Operations  --------------  RETROGRADE  OPERATIONS 

Collapsing  Defense  in  Withdrawal  from  LZ 
Delaying  Action 

Fire  and  Movement-  ------------------  'FIRE  AND  MOVEMENT 

Exploitation 
Breaching  Operations 
Counterattack 
Counterambush 
Frontal  Assault 

-Tank-Hunter  Killer  Operations . -TANK-HUNTER  KILLER  OPERATIONS 

Combat  in  Cities  --------------------  COMBAT  IN  CITIES 

Advance  to  Contact  ------------------  ADVANCE  TO  CONTACT 

Security  of  a  Moving  Column 
Search  and  Clear 
Combat  Patrol 
Recon  Patrol 

River  Crossing  (Form  of  mobility  followed  by:  Frontal  Assault, 

Fira  and  Movement,  Advance  to  Contact,  or  Hasty 
Defense.) 


Figure  D-3 


ANNEX  E 


MEASURES  OF  EFFECTIVENESS 


1.  GENERAL 

Consideration  of  the  categories  of  effectiveness,  such  as 
accuracy, > responsiveness,  reliability,  sustainability,  etc.,  re¬ 
vealed  that  these  categories  must  be  defined  in  terms  of  measurable 
parameters  which  meaningfully  relate  to  a  combat  situation.  'Once 
defined,  these  parameters  were  further  studied  and  developed  into 
measures  of  effectiveness  (MOE)  in  order  to  measure  effectively  and 
then  to  evaluate  properly  small  differences  between  competing  weapons 
systems  (see  Figure  E-l).  These  MOE  evolved  in  four  ways: 


a.  Measures  that  must  be  collected  in  order  to  compile 
other  data,  such  as  number  of  hits.  By  itself, 
this  measurement  has  little  meaning,  but  when  com¬ 
bined  with  number  of  rounds  fired  a  hit  probabil¬ 
ity  can  be  obtained. 

b.  Measures  that  stand  alone,  such  as  time  to  first 
round.  This  measurement  of  effectiveness  stands 
alone  as  a  measure  of  the  amount  of  time  it  takes 
to  fire  a  round  once  a  target  is  identified. 

c.  Measures  that  are  combinations  of  two  or  more  mea¬ 
sures.  For  example,  engagement  hit  probability  is 
a  consideration: 


Number  of  Target  Hits 
Number  of  Targets  Engaged 


=  Engagement  Hit 
Probability 


Measures  specifically  designed  to  evaluate  special  sit¬ 
uations  such  as  the  probability  of  a  first-round  hit  with 
an  antitank  weapon  in  a  tank-hunter-killer  operation. 


Number  of  First  Round  Target  Hits 
Number  of  Target  Engagements 


Probability  of 
First  Round  Hit 


These  measures  of  effectiveness  are  related  to  the  original 
combat  actions  required  of  an  AT  weapon  system  as  shown  in  Fig¬ 
ure  E-2.  In  effect  the  actions  required  were  delineated  and  re¬ 
duced  to  a  set  of  seven  representative  actions.  Those  seven  ac¬ 
tions  were  sub-divided  into  specific  sets  of  tasks.  The  tasks 
were  described  qualitatively  by  sets  of  measurable  parameters. 
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ACCURACY 

Number  of  Kits 
Distribution  of  near  misses 
Engagement/hit  probability 
Probability  of  first  round  hit 


SUSTAINABILITY 

Hits  per  pound  with  respect  to 
basic  load 


RESPONSIVENESS 

Time  to  first  round 
Time  to  reload 
Time  to  first  hit 
Time  to  prepare  to  fire 
Time  between  rounds 
Time  to  shift  fires 
Time  between  hits 
Sight  manipulation  time 

RELIABILITY 

Time  to  clear  malfunctions 
Number  of  rounds  between  mal¬ 
functions 


PORTABILITY  AND  COMPATIBILITY 


Ease  of  handling  (hot/cold)  (subjective) 

Movement  time 

Preparation  of  position  and  emplacement  of  barriers  (subjective) 
Compatibility  and  ancillary  equipment  (subjective) 

Time  to  change  positions  and/or  cross  obstacles 
Time  to  dismount/ remount  weapon  from/on  vehicle  mount 


SIGNATURE  EFFECTS 

Sound  level,  recording  (blast) 
Obscuration  (smoke  and  haze) 
Troop  safety  area  required 
Visual  light  emission  (flash) 
Infrared  signature 


DURABILITY 

Ability  to  operate  after  extended 
movement  and/or  handling  (subjective) 
Number  of  failures  as  a  function  of 
operational  environment 


STABILITY 


Mount  stability  (wet/dry)  (photographic  measuring 
techniques) 

Stability  after  changing  positions  (wet/dry)  (sub¬ 
jective) 


MEASURES  OF- EFFECTIVENESS 
Figure  E-l 
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These  measures  are  then  related  back  to  the  seven  combat  actions. 

In  essence,  the  necessary  actions  required  by  a  combat  AT  weapon 
system  can  be  quantified  by  specific  sets  of  measures.  The  meas¬ 
ures  of  effectiveness  are  discussed  below  by  category  of  effect¬ 
iveness  . 

2.  ACCURACY 

There  are  five  measures  considered  in  the  category  of  accuracy. 

a.  Number  of  Hits.  This  information  can  be  obtained  in  two 
ways.  The  test  officer  may  physically  go  downrange  and  count  the 
number  of  holes  in  the  target,  or  he  may  rely  on  collecting  the  data 
electronically.  The  electronic  collection  of  data  is  perferable 
since  it  would  allow  the  exercise  to  be  conducted  in  a  continuous 
manner  with  no  halts  for  data  collection.  Realism  would  thus  be 
enhanced  and  the  "combat  atmosphere"  retained.  The  information  ob¬ 
tained  is  used  to  compile  other  data,  e.g.,  when  combined  with 
numbers  of  rounds  fired,  hit  probability  may  be  derived. 

b.  Distribution  of  Near  Misses .  The  high  cost  of  ammunition 
for  antitank  weapons  makes  this  measurement  a  particularly  desir¬ 
able  one.  An  accurate  method  of  measuring  the  location  of  near 
misses  would  be  invaluable  since  it  might  indicate  that  the  weap¬ 
ons  system  is,  in  fact,  accurate  but  that  the  sight  is  misaligned 
or  even  more  important,  improperly  designed.  This  added  data  would 
greatly  assist  the  test  officer  in  his  analysis  of  weapon  perform¬ 
ance  and  would  reduce  the  risk  of  rejecting  an  acceptable  weapons 
system. 


c.  Engagement/Hit  Probability. 

(1)  This  MOE  is  a  hybrid  measure  not  directly  observed  but 
computed  from  the  number  of  hits  observed  divided  by  the  number 
of  rounds  fired  under  a  given  set  of  conditions.  Hit  probabil¬ 
ities  only  reflect  combat  performance  to  the  extent  that  the 
test  environment  reflects  combat  environment.  Hit  probabilities 
obtained  on  a  known  distance  target  range  may  indicate  large  dif¬ 
ferences  between  competing  weapons  systems  but  do  not  necessarily 
indicate  performance  that  could  be  expected  under  combat  conditions. 

(2)  To  be  a  meaningful  measure,  much  care  must  be  taken  in 

.  test  design  and  conduct  so  that  observed  results  can  be  applied  to 
actual  combat. 

(3)  Several  types  of  hit  probabilities  should  be  measured  under 
the  simulated  combat  conditions  of  the  test  facilities.  These  would 
include  probability  of  first  and  subsequent  round  hits.  Hit  prob¬ 
abilities  are  used  to  compare  weapon  performance  on  the  test  facil¬ 
ities  as  a  function  of  range,  angle  of  fire,  type  of  target,  time  of 
exposure,  weapon,  learning,  training  or  any  combination  of  these 
variables.  To  the  extent  that  test  conditions  relate  to  combat,  this 
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measure  is  an  evaluation  of  the  total  performance  of  the  individual/ 
crew  weapon  system  in  combat.  The  MOE  can  be  referred  to  as  a  gross 
measure,  not  relating  to  a  specific  action  such  as  sight  alignment, 
but  to  the  sum  of  the  actions  of  the  individual/crew  as  they  use  the 
weapon. 

(4)  In  general,  engagement  hit  probabilities  will  indicate  weap¬ 
on  differences.  However,  other  measures  are  necessary  to  isolate 
discrete  causes  of  weapon  differences. 

d.  Probability  of  First  Round  Hit.  This  measure  is  particu¬ 
larly  important  with  antitank  weapons  since  there  is  rarely  a  chance 
to  fire  a  second  round  at  an  armored  target.  In  antitank  warfare  a 
great  deal  of  importance  is  placed  upon  "first  round  kill"  capa¬ 
bility.  It  is  conceivable  that  this  measure  could  be  a  key  factor 
in  the  selection  of  competing  weapons  systems.  In  the  laet  few 
years  a  great  deal  of  development  has  gone  into  trying  to  develop 
antitank  rounds  which  could  be  guided  in  flight  to  increase  further 
the  probability  of  a  first  round  hit.  This  probability  is  easily 
computed  provided  other  physical  measurements  have  been  taken. 

Number  of  first  Round  Target  Hits  »  Probability  of  First 

Number  of  Target  Engagements  Round  Hit 

3 .  RESPONSIVENESS 

This  is  basically  a  time-related  measurement  which  gives  an  in¬ 
dication  of  how  rapidly  a  weapon  may  be  made  to  perform  its  assigned 
function.  Under  extreme  conditions  a  man  might  be  required  to  op¬ 
erate  a  crew-served  weapon  by  himself.  Responsiveness  in  this  case 
would  be  a  measure  of  how  easily  the  weapon  can  be  controlled  and 
made  to  operate  properly.  The  eight  measures  of  effectiveness  con¬ 
sidered  in  tha  category  of  responsiveness  are: 

a.  Time  to  First  Round.  This  MOE  provides  data  on  the  length 
of  time  it  takes  the  crew  (or  individual  firer,  depending  upon  the 
weapon)  from  target  exposure  to  (1)  identify  the  target,  (2)  assume 
a  firing  position  and  perform  the.  necessary  crew  drill,  (3)  acquire 
the  target  in  the  weapon's  sighting  system,  and  (4)  fire  the  first 
round.  The  importance  of  this  measure  varies  from  combat  action 

to  combat  action.  As  in  several  of  the  combat  actions,  particularly 
those  in  which  alert  movement  is  required,  a  quick  response  to  sur¬ 
prise  fire  or  targets  of  opportunity  ic  essential. 

b,  Time  to  Reload.  This  measurement  is  primarily  based  upon 
weapon  and  round  design.  Crew  familiarity  with  the  weapon  system 
will  serve  to  reduce  this  time  and  consequently  the  crews  for  two 
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competing  weapons  systems  must  display  equal  levels  of  proficiency 
with  their  weapons  systems.  The  time,  to  reload  becomes  particularly 
important  as  a  measurement  when  multiple  targets  are  engaged  by  the 
same  weapons  system. 

c.  Time  to  First  Hit.  Ideally,  this  measurement  should  be  .the 
same  as  that  described  in  subparagraph  a  above,  with  the  time  of 
flight  of  the  projectile  added.  The  value  of  this  MOE  is  relatively 
high  since  a  hit  must  be  achieved  for  mission  accomplishment.  The 
more  time  required  to  achieve  a  first  hit  only  serves  to  reduce  the 
chances  of  successful  mission  accomplishment.  Acquisition  time  is 
considered  relatively  constant  whether  the  firer  achieves  a  hit  or 
not;  therefore,  the  MOE  "time  to  first  round"  is  actually  the  time 
required  to  aim  and  achieve  a  hit.  In  a  2-weapon  comparison  the 
weapon  requiring  the  least  amount  of  time  and  rounds  between  first 
round  and  first  hit  could  gain  a  decided  advantage. 

d.  Time  to  Prepare  to  Fire.  This  MOE  provides  information  on 
some  of  the  human  engineering  aspects  of  a  weapon  system.  Time  to 
prepare  to  fire  actually  measures  crew  drill  time  with  reference 
to  the  weapons  system  being  examined.  Such  items  as  poor  tripod 
or  mount  construction,  awkward  sighting  mechanisms,  lack  of  carry¬ 
ing  or  handling  brackets,  and  extreme  system  weight  could  be  de¬ 
tected  through  the  use  of  this  MOE. 

e.  Time  Between  Rounds.  This  MOE  is  actually  a  combination 
of  the  time( required  to  reload  with  the  time  needed  to  acquire  the 
target  in  the  sights  and  to  manipulate  the  firing  mechanism.  The 
measurement  could  be  used  to  isolate  differences  between  competing 
weapon  sighting  and  firing  devices.  An  extremely  complex  and 
sophisticated  system  which  requires  a  great  deal  of  operator  train¬ 
ing  and  expertise  might  jeopardize  its  changes  of  acceptance  through 
the  use  of  this  MOE. 

f.  Time  to  Shift  Fires.  This  MOE  is  a  combination  measurement 
that  provides  data  on  the  time  required  to  shift  fire  to  another 
target  after  achieving  a  target  hit  and  to  acquire  the  new  target. 
Position  change  time  (if  required),  sight  manipulation  time  (if 
required),  traversing  and  elevation  mechanism  time  (if  required), 
reloading,  sight  alignment,  and  firing  are  all  incorporated  into 
this  measurement.  With  the  antitank  weapon  system  and  its  method 

of  employment,  this  measurement  might  well  include  the  time  required 
to  move  to  au  alternate  or  supplementary  firing  position  and  con¬ 
sequently  would  involve  measures  of  portability  and  maneuverability 
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g.  Time  Between  Hits.  This  measurement  can  be  obtained  for 
two  different  situations.  The  time  required  between  hits  on  the 
same  target  would  be  one  situation  while  the  time  required  to  shift 
fire  and  obtain  a  hit  on  a  new  target  (shift  and  acquisition  time) 
would  be  the  other  situation.  This  MOE  can  also  be  construed  as  a 
measure  of  stability  of  the  weapon  system  since  more  time  will  be 
required  to  reload,  realign,  and  fire  an  unstable  system  than  one 
that  needs  only  minor  readjustment  to  achieve  a  second  hit  on  the 
same  target . 

h.  Sight  Manipulation  Time.  This  MOE  provides  data  on  the 
amount  of  time  required  to  mount  the  sight  on  ,the  weapon  (if  ap¬ 
plicable)  or  to  set  up  the  sighting  mechanism  (if  remote  from  the 
weapon)  and  perform  all  adjustments  necessary  to  enable  the  weap¬ 
on  system  to  engage  and  destroy  a  target. 

i.  All  of  the  above  measures  (under  the  category  of  respon¬ 
siveness)  are  compiled  and  can  be  computed  as  separate  functions 
of  range,  target  type,  firing  angle,  position  of  firer,  and  type 
of  mount  (these  separate  functions  should  be  varied  as  much  as 

p  ssible  during  weapon  testing).  For  example: 

(1)  Range:  There  will  be  a  difference  in  time  .for  all  of  the 
MOE  in  that  the  category  of  responsiveness  based  on  range— varying 
from  the  minimum  arming  distance  for  the  projectile  out  to  the 
maximum  effective  range-will  directly  affect  the  time  required  to 
align  the  sights  and  the  target. 

(2)  Firing  angle:  The  firing  angle  may  be  expressed  in  degrees 
and  direction  such  as  90°  left  and  45°  right;  in  addition,  vertical 
angles  must  be  considered  (such  as  5°  above' or  below  the  horizontal) . 
Both  of  these  angles  must  be  taken  into  consideration  when  collect¬ 
ing  and  computing  data  on  the  MOE. 

(3)  Target  type:  The  various  types  and  sizes  of  targets  found 
on  the  battlefield  (tanks,  bunkers,  large  groups  of  men)  and  their 
ability  to  move  at  varying  speeds  (man  and  vehicles)  must  be  taken 
into  consideration  when  collecing  and  computing  data  on  the  MOE. 

(4)  Position  of  crew/ weapon:  This  MOE  considers  such  factors 
as:  supported  or  unsupported  firing  positions,  positions  offering 
clear  fields  of  fire  as  opposed  to  those  which  offer  many  obstacles 
and  terrain  which  permits  stable  positioning  of  the  weapon  as  opposed 
to  rocky  or  muddy  terrain  which  might  cause  difficulty  in  mounting 
the  weapon  in  its  proper  firing  configuration.  All  of  these  factors 
and  many  others  within  this  category  must  be  considered  when  com¬ 
puting  or  recording  data  on  the  MOE. 


(5)  Type  of  Mount:  This  would  take  into  consideration  such 
different  mounting  systems  as  man  mounted  or  held,  tripod  or  bipod 
mounted,  and  vehicle  mounted.  Again,  as  with  the  previous  categories, 
consideration  must  be  taken  when  collecting  and  computing  data  on  the 
MOE . 

4.  SUSTAINABILITY. 

a.  This  category  of  effectiveness  is  indicative  of  the  life  of 
a  weapon  in  a  combat  environment  with  respect  to  the  basic  load  of 
ammunition  for  the  weapon.  All  measures  of  effectiveness  (total 
rounds,  number  of  rounds  to  first  hit,  number  of  rounds  between  hits, 
and  number  of  rounds  fired  per  engagement)  are  contributive.  Sus¬ 
tainability,  therefore,  is  best  described  as  hits  per  pound  with 
respect  to  the  basic  load  of  the  weapon  system.  This  measure  will 
allow  us  to  compute  the  number  of  engagements  per  basic  load  if  each 
hit  were  considered  a  kill). 

b.  Sustainability  relates  the  combat  effectiveness  of  the 
system  to  its  basic  load  and  attempts  to  anticipate  the  amount  of 
time  or  the  number  of  engagements  the  system  can  expect  to  remain 
in  a  combat  action.  Basic  loads  are  often  augmented  or  changed 

by  local  directives  (taking  into  consideration  the  threat  posed  by 
enemy  armor) .  A  weapon  with  a  relatively  high  hit  probability  which 
fires  an  excessively  heavy  round  might  compare  unfavorably  with 
another  weapon  having  a  lower  hit  probability  which  fires  a  much 
lighter  round.  The  amount  of  trade-off  between  hit  probability  and 
ammunition  weight  would  have  to  be  a  decision  based  upon  situation 
and  anticipated  threats.  This  MOE  should  definitely  be  looked  into 
and  evaluated  during  testing  of  a  new  or  modified  antitank  weapons 
system. 

5.  RELIABILITY 

The  two  measurements  of  effectiveness  considered  in  the  category 
of  reliability  are: 

a.  Time  to  Clear  Malfunctions.  A  malfunction  is  a  failure  of 
the  weapons  system  to  function  satisfactorily.  Improper  operation 
of  the  weapon  by  a  crew  member  is  not  considered  a  malfunction.  The 
importance  of  this  MOE  is  obvious  since  a  malfunction  effectively 
neutralizes  the  weapon's  usefulness. 

b.  Number  of  Rounds  Between  Malfunctions.  This  MOE  is  a  defi¬ 
nite  indication  of  the  true  reliability  of  the  weapons  system.  The 
MOE  must  be  sequentially  counted  by  round  fired,  from  the  initial 
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round  fired  throughout  completion  of  .all  firing  exercises.  The  data 
obtained  are  necessary  to  compute  the  probability  that  a  round  will 
be  fired  when  the  trigger  is  pulled. 

6.  PORTABILITY  AND  COMPATIBILITY 

a.  The  measurements  of  effectiveness  considered  in  the  category 
of  portability  and  compatibility  vary  from  combat  action  to  combat 
action,  are  difficult  to  measure  accurately,  and  cannot  generally 
be  measured  with  instrumentation.  The  entire  category  is  considered 
to  be  a  human  factors  judgment  area  and  will  be  considered  in  each 
combat  action  to  detect  anything  about  the  weapon  which  may  hinder 
the  individual/crew  weapon  performance.  As  an  example,  the  ease  of 
handling  a  weapon  system  might  be  excellent  while  the  weapon  is  cold, 
but  once  it  is  heated  by  sustained  fire  the  ease  of  handling  might 
suddenly  become  extremely  poor. 


b.  Performance  measures  include  but  are  not  limited  to  the 
following: 

(1)  Ease  of  handling  (hot/cold).  This  is  a  comparison  mea¬ 
surement  between  ease  of  handling  before  the  weapon  has  been  fired 
(or  before  it  has  been  fired  sufficiently  to  significantly  raise 
weapon  temperature)  and  after  the  weapon  has  been  heated  by  sus¬ 
tained  fire. 
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(2)  Movement  time.  This  measurement  evaluates  speed  of  move¬ 
ment  with  the  weapon  in  various  combat  situations. 

(3)  Preparation  of  position  and  emplacement  of  barriers.  This 
measurement  evaluates  speed  of  position  preparation  and  barrier  em¬ 
placement.  Reaction  time  of  the  individual/ crew/ weapon  combination 
to  enemy  activity  during  the  performance  of  these  combat  tasks  is 
carefully  analyzed  in  order  to  detect  differences  between,  competing 
weapons  systems. 

(4)  Compatibility  with  ancillary  equipment.  This  is  a  measure¬ 
ment  of  how  well  the  weapon  system  and  its  various  components  com¬ 
plement  each  other, 

(5)  Maneuverability  when  changing  positions  and/or  crossing 
obstacles.  This  measurement  evaluates  the  speed  and  ease  in  which 
the  individual/crew/ weapon  combination  is  able  to  change  position 
or  negotiate  a  given  obstacle.  The  data  obtained  are  useful  in  a 
2-weapon  comparison. 

(6)  Time  to  dismount/ remount  weapon  from/ on  vehicle  mount. 

This  measurement  evaluates  the  speed  and  ease  with  which  the 
individual/ crew  can  dismount  or  remount  a  vehicle-mounted  weapons 
system.  The  data  compiled  can  be  used  for  a  2-weapon  comparison. 


(7)  Crew  training  requirements.  The  time  and  effort,  in  terms 
of  man-hours,  material,  and  financial  assets,  required  to  train  a 
crew  or  individual  on  a  specific  weapons  system  are  factors  which 
must  be  considered.  This  measurement  may  be  used  in  the  comparison 
of  two  or  more  weapons  systems. 

(8)  Ability  to  engage  a  moving  target.  This  measurement  iff 
an  indication  of  the  weapon's  traversing  and  elevating  capability 
with  respect  to  the  individual/ crew  operating  the  system.. 

7.  SIGNATURE  EFFECTS. 

The  five  measurements  considered  in  the  category  of  signature 
effects  are: 

a.  Sound  level  recording  (blast).  This  signature  effect  will 
be  measured  and  evaluated  in  two  parameters:  (1)  to  determine  if 
there  is  any  danger  to  the  filer's  and  adjacent  firerz'  ears;  and 
(2)  to  determine  if  the  sound  of  the  weapon  will  readily  identify 
its  location  on  the  battlefield. 

b.  Obscuration  (smoke  and  haze).  This  signature  effect  will 
be  measured  in  two  manners:  (1)  to  determine  if  the  muzzle  blast 
kicked  dirt  and  dust  into  the  air  in  sufficient  amounts  to  inter¬ 
fere  with  the  sighting  and  aiming  process;  (2)  to  determine  if  this 
same  dirt  and  dust  will  disclose  the  firer's  position. 

c.  Visual  light  emission  (flash).  This  signature  effect  will 
be  measured.  The  muzzle  flash  is  the  most  noticeable  signature 
effect  and  as  such  tends  to  disclose  the  firer's  position.  Flash 
can  be  measured  in  such  terms  as  size,  duration,  and  intensity 
during  day  and  night  conditions. 

d.  Troop  safety  area  required.  Different  weapons  systems 
require  a  variety  of  troop  safety  considerations  with  respect  to 
back  blast  or  muzzle  blast.  A  measurement  of  the  safety  area 
required  can  be  used  in  a  2-weapon  comparison. 

e.  Infrared  signature.  This  is  a  measure  of  how  easily  the 
weapon  can  be  detected  by  infrared  devices .  This  measurement  draws 
its  importance  from  the  fact  tbat  infrared  devices  are  becoming  more 
and  more  common  on  the  battlefield.  The  data  obtained  by  measuring 
acquisition  ease  are  useful  in  a  2-weapon  comparison. 

8 .  DURABILITY 

There  are  two  measurements  considered  in  this  category. 

a.  Ability  to  operate  properly  after  extended  movement  and/or 
handling.  This  measurement  is  useful  in  determining  the  relative 
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durability  of  two  or  more  weapons  systems.  It  is  assumed  that  the 
extended  movement  and/or  handling  will  be  one  in  a  combat-like 
environment  and  will  subject  the  weapon  to  stresses  normally 
experienced  in  such  an  environment. 

b.  Amount  of  breakage  as  a  function  of  operational  environment 
(relative  to  a  standard  or  competing  system).  This  measurement, 
much  like  .the  one  above,  is  designed  to  detect  durability  failures 
and  to  apply  this  measurement  in  a  2-weapon  comparison.  Breakage 
which  renders  the  weapon  inoperative  should  be  noted  and  distin¬ 
guished  from  breakage  which  does  not  affect  weapon  operation. 

9 .  STABILITY 

a.  The  stability  of  the  gun  platform  is  a  vital  consideration. 
Failure  during  firing  could  result  in  mission  failure  as  well  as 
increase  the  risks  taken  by  the  individual/crew  operating  the 
weapons  system. 

b.  The  tests  of  bipod,  tripod,  and  vehicle-mount  stability 
can  be  performed  in  conjunction  with  other  firing  exercises.  The 
mounts  should  be  tested  on  various  types  of  terrain:  muddy,  wet, 
solid,  high  grass,  dry  grass,  sand  bags,  hills,  etc.,  as  well  as 

in  the  various  combat  actions.  The  mounts  will  be  observed  in  each 
varying  situation  to  detect  anything  about  the  weapon  which  may 
hinder  the  individual/ crew/ weapon  combination  in  the  performance 
of  its  mission. 
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ANNEX  F 


,  PERT  ANALYSIS 


The  following  page  presents  a  summary  PERI  analysis  of  the 
antitank  weapons  test  methodology  study  leading  to  the  establish¬ 
ment  of  an  antitank  weapons  test  range,  the  conduct  of  weapons 
tests  under  quasi-combat  conditions,  the  preparation  of  a  final 
report,  and  the  development  of  operational  service  tests. 
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APPENDIX  IV 


TECHNICAL  MEMORANDUM 
ANTITANK  TARGET  HIT  SKIN 


i. 


TECHNICAL  MEMORANDUM 


FOR 

"UNITED  STATES' ARMY  INFANTRY  BOARD 
Contract  No.  J)AEA  18-68-C-Q004 

'  --ANTI-TANK  TARGET  HIT  SKIN' 

(Electronic  Scoring  Material  for  Anti-Tank  Ammunition) 
Test  Date: 

9  June  1969 


■~nn-»~-~'iirir-|l  -!!■  .  — .  ,.  ,  .  --tt  [r-  r-Kl.  Lim-Ji.  ji.»l  .u  m  ■■-■■  -  ...  -  -  -i.m-1-ri  - -JT -- -■  ^ 

BACKGROUND 

An  attempt  to  develop  or  procure  a-  hit  sensitive  scoring  material 
for  tank  type  targets  was  undertaken  by  the  Combat  Conditions  Test  Div¬ 
ision  of  USAIB.  Valid  service  testing  of  anti-tank  weapons  requires  reli¬ 
able  target  instrumentation  and  as  near  combat  conditions  as  relistically 
possible.  Consequently,  any  suitable  scoring  material  must  have  two  basic 
characteristics:  it  must  be  rigid  enough  to  duplicate  tank  and  APC  sil¬ 
houettes  and  it  must  reliably  score  projectiles  of  all  calibers  that 
.could  be  used  as  anti-armor  weapons. 

Initially,  the  two  layer  aluminum  foil/latex -foam  hit  skin,  having 
proven  very  successful  for  scoring  small  arms,  was  testd  against  larger 
rounds  and  found  to  be  inadequate.  The  larger  rounds  tended  to  tear  out 
several  pieces  of  material  reducing  target  life  drastically.  As  stronger 
backing  material  was  added  to  reduce  this  effect  and  to  provide  additional 
support  for  larger  silhouettes,  the  tendency  to  detonate  high  explosive 

rounds  increased.  These  characteristics  made  it  seem  unlikely  that  this 
«  *  '*  , 

•  «  , 

target  material  could  be  used  in  anti-tank  targets, 

♦ 

A  manufacturer  who  made  an  aerial  tow  target  for  the  US  Air  Force 
.  was  contacted.  The  Board  received  two  samples  of  the  material  used  in 
the  aerial  targets  for  testing.  The  material  is  a  resin  impregnated, 

I 

honeycomb  paper  material  which  is  very  rigid  and  light.  The  two  character¬ 
istics  of  low  puncture  strength  and  high  bending  strength  are  fulfilled. 

■  The  material  can  be  used  to  duplicate  any  armor  silhouette  without 
support  backing  material  thus  increasing  the  materials  compatability  with 
high  explosive  ammunition, 

*  *„ 

<- 


DESCRIPTION  OF  MATERIAL 


The  material  is  a  1-^-inch  thick  paper  "honey  comb"  with  a  3/8- inch 
call  size.  The  paper  (kraft  paper)  is  20%  impregnated  with  phenolic  re- 

i 

sin  (this  makes  the  structure  much  more  rigid),  and  it  has  paper  strips 
in-between  the  ripple  strips,  so  that  the  material  has  directional  (grain) 
strength  similar  to  a  plain  piece  of  wood. 

'  The  honey  comb  is  then  covered  on  both  sides  with  cheese-cloth 
"soaked  in  epoxy  resin"  and  an  outside  covering  of  .005-inch  thich  of  • 
aluminum  foil. 

The  test  samples  are  wing  portions  of  the  aerial  tow  target.  They 
are,  as  shown  in  Figure  1,  4-feet  wide  and  3-feet  high.  All  edges,  except 
for  the  right  hand  vertical, -are  filled  with  lfc  X  2-inch  wood  support.  The 
right  hand  vertical  edge  consist  of  a  2  X  4  structual  member. 

■ELECTRONIC  INSTRUMENTATION 

The  foil  was  connected  to  a  tectronics  $454  sotrage  oscilliscope 
(with  a  Hewlet-Packard  oscilliscope  camera)  by  RG58  Co-AX  cable,  A 
50  ohm,  *i;-watt  resistor  was  placed,  as  a  loading  resistor,  at  the  target, 
across  the  foil. 

At  the  oscilliscope,  a  resistive  input  network  was  used;  the  power  was 
supplied  by  a  6-volt  dry  cell  battery. 

The  electronic  resistive  test  network  is  shown  in  Figure  2,  (Equi¬ 
valent  Circuit  Figure  2a), 

The  input  triggering  of  the  scope  was  set  to  trigger  on  a  D.  C.  level 


change . 


TEST  METHODOLOGY 


The  first  target  was  set  up  at  approximately  500  yards  from  the 

firing  point;  the  second  target  was  set  up  at  100  yards. 

/ 

The  weapon  used  was  106-mm  recoiless  rifle  with  spotting  gun. 

This  weapon  was  a  jeep  mounted  unit. 

Several  rounds  of  50  Cal.  were  fired  both  as  a  sighting  in  of  the 
"106,"  and  as  an  electronic  check  of  the  hit  sensitive  material,  and  the 
•electronic  circuit. 

Following  the  50  Cal.  spotting  rounds,  the  "106"  was  fired;  it  was 
fired  twice  at  each  target. 

RESULTS  OF  TEST  \ 

Targe  #1,  Long  Range 

•  ■  The  first  50  Cal,'  recorded  at  50/\  sec/cm,  and  .05  volt:s/em 

(vertical)  shows  a  pulse  of  approximately  sec  durration  and  .05 

volts  pulse  height;  this  is  Figure  3 . 

♦ 


Figure  3 
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The  second  50  Cal.,  spotting  round  registered  approximately  a  20„A 
pulse  width  and  a  .08  volts  pulse  height.  The  scope  setting  was:  Sweep 
10 .A  sec/cm,  deflection  .05  volts/cn.  The  trace  recorded  is  shown  in 
Figure  4 . 
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Figure  4 
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The  first  106  round  was  above  the  target  ..and  off  to  the  left:.  The 
ammunition  used  was  a  high  explosive  (H.E.)  typej  detonation  was  approxi- 
mately  sixty  feet  behind  the  target  on  the  ground.  (The  target  was  not 
damaged).  The  second  106  round  hit  the  ,2X4  structural  member  of  the 
target.  Structural  members  are  not  necessary  to  simulate  tank  type  targets. 
The  material  received  for  testing  was  part  of  a  dart  type  aerial  tow 
target  and  was  made  with  structural  members.  These  were  not  removed  for' 
the  test:.  Detonation  occurred  at  the  target:,  and  the  target  was  des¬ 
troyed.  Figure  5  shows  the  oscilliscope  trace  resulting  from  the  hit. 

The  sweep  triggered,  thus  a  "short:"  (contact)  was  made.  The  intermittent: 
contacts  may  be  the  foil  shorting  out  as  it  tears  apart.  Figures  1,  and 
6  show  before  and  after  pictures  of  the  test  target:.  The  fragments.. 

Figure  6,  indicate  that  the  wood  frame  was  hit  in  its  lower  right-hand 
corner. 
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Target  #  2,  Short  Range, 

Three  50  Cal.  spotting  rounds  were  fired  at  the  second  target, 

Figure  7.  Figures  8  and  9  show  the  front  of  the  target;  Figure  9  is  a 
close-up  of  the  round  entrance  area.  The  top  hole  is  round  #1,  the  bottom 
hole,  through  the  supporting  wood  frame,  is  round  #2,  and  the  middle  hole 
is  round  #3.  Figure  10  is  of  the  back  of  the  target,  and  it  shows  the 
50  Cal.  exit  holes.  (The  large  hole  above  the  50  Cal.  holes  is  a  result 
of  target  #1  shell  detonation), 


Figure  7 
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Due  to  detonation  of  target  #1,  the  input  load  of  50  OHMs  was  not 
present  for  the  tests  on  target  #2. 

Figure  11  shows  the  oscilliscope  traces  from  spotting  round  #1. 

The  sweep  was  set  at  10>it  sec/cm}  and  vertical  deflection  at  0.1  volts/cm. 
The  output  pulse,  in  Figure  11,  is  50^/4  sec.  in  duration,  and  the  pulse 
height  is  0.3  volts.  The  breaks  in  the  center  of  the  pulse  indicate  in~ 
termittent  foil  contact. 
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Round  #2,  was  through  -the  wood' and  produced  no  pulse. 

Round  #3  produced  a  pulse,  and  it  is  shown  in  Figure  12.  The 
scope  was  set  the  same  as  for  round  #1.  The  recorded  pulse,  Figure  12, 
is  70/;  sec.  in  duration,  and  has  a  pulse  height  of  0.3  volts.- 


(i  (i 

n  H 

V  V 

) ,  Jr 

r  i 


*  aar.'xa  f  ‘ 

'nnn 

i  ir.n 


Figure- 12 


The  first  106  round  was  low,  and  to  the  right  of  the  center  of  the 

target,  Figure  13  (and  very  near  the  wood  frame).  The  second  106  round 
♦ 

was  nearly  centered  on  the  target.  The  target  front  is  Figure  14t  this 
shows  the  106  round  entrance  holes.  (NOTE:  The  target:  was  angled  back 
about  10°  degrees  to  the  line  of  fire.  The  fold  back  of  the  upper  port¬ 
ions  of  the  foil  is  the  result  of  this  angle.  The  six  slices  around  the 
hole  are  the  result  of  the  stablization  fins  on  the  round.  Notice  how 
the  fins  cut  out  the  wood  frame  section  below  round  #1).  Figure  15  shows 
the.  106  round  exit  holes  in  target.. 
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The  second  106'  round  produced  the  pulse  shown  in  Figure  17.  The 
sweep  was  set  at  0.1  millisec/cm,  and  the  deflection  at  .1  volts/cm 
(estimated?). 

The  pulse  output  has  a  duration  of  0.‘05  milliseci  (50  m  sec.), 
and  a  pulse  height  greater  than  0.4  volts. 
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Figure  17 
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CONCLUSIONS 

1.  The- honeycomb  1^-inch  thick  composite  material  will  score  both 
50  cal.  and  106  nun  rounds. 

2.  The  sample  size  of  2  rounds  indicate  that  the  honeycomb  material 
will  not  detonate  the  HEAT  round.  Wood  structural  members  should  be  re¬ 
moved  when  firing  the  HEAT  round, 

3.  Foil  fold  back  will  reduce  life  of  skin  unless  improved  adhesives 
are  used, 

4.  The  following  ball  ammunition  target,  practice,  tracer  or  other 
non  explosive  ammunition  is  estimated  to  be  scorable  with  this  material: 


.5° 

cal 

20 

mm 

40 

mm 

76 

mm 

90 

mm 

105 

mm 

106 

mm 

120 

mm 

(High  explosive  war  heads  should  be  tested  individually  against  skin  for 
compatabil icy.) 
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RECOMMENDATIONS: 

1.  Additional,  larger,  test  samples  should  be  obtained  without 
wood  framing  (along  at  least  3  of  its  sides).  Sample  size  of  6' ’X  6r 
would  match  existing  106  target  size. 

'2.  Tests  of  a  foam  plastic,  or  similar  material,  bonded  to  the 
backside  of  the  target  should  be  made  in  an  effort  to  extend  the  tar¬ 
get's  useful  life. 

3.  Similar  plastic  honeycomb  materials  with  metal  screen  sur¬ 
faces  similar  to  chicken  wire  should  be  investigated  to  increase  the 
•target's  useful  life.  The  screen  would  reduce  air  resistance,  an  im¬ 
portant  consideration,  for  moving  target  applications. 

I 

4.  Future  tests  of  target  materials  should  include  a  full  com¬ 
pliment  of  106  ammunition  in  addition  to  missile  type  AT  weapons. 


1.  Introduction 
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Tli is  appendix  is  designed  as  a  guide  for  the  test  officer  in 

implementing  operational  service  tests  of  antitank  (AT)  weapon 

systems.  Research  and  development  in  this  area  of  Army  weaponry 

have  received  considerable  attention  in  recent  years,  and  the  efforts 

have  generally  evolved  around  some  type  of  wire -guided  missile  system. 

The  focus  of  attention  has  been  to  increase  .the  hit  probability  of  • 

the  weapon  and  the  attention  does  rightfully  belong  here,  but  other 

aspects  of  the  weapon  system  should  also  be  considered.  .’Paragraph  2  I 

shows  the  pertinent  measures  of  effectiveness  (MOE)  in  AT  weapon 

system  analysis  and  references  paragraphs  which  describe  test  soldiers 

selection  and  training  techniques,  (paragraph  3 gives  the  comparative 
*  «  >  . 

analysis  procedure. 

2.  Test  Techniques  and  Procedures 
•a.  Measures  of  Effectiveness 

The  measures  considered  important  in  testing  antitank  weapons  are 
listed  below:  .  . 

Hit  probability 
Engagement  hit  probability  j 

1 

Miss  distance 
Time  to  first  hit 
•Percent  of  basic  load  per  hit 
Vulnerability  factors 
Time  to  first  round 

Time  to  reload  . 


•- . 
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Movement  time 
Emplacement  time 
Percent  of  targets  engaged 
Time  to  shift  fire 
Time  to  clear  malfunctions 

b.  The  procedures  for  applying  these  measures  are  detailed  under 

paragraphs  k,  5  and  6  in  the  main  body  of  this  report.  Paragraph. 5  ' 

describes  the  test  facility  design  which  focuses  on  the  appropriate 

combat  actions.  Paragraph  4,  under  objective  2,  details  procedures 

for  selection  and  training  of  test  soldiers  and  soldier  to  weapon 

assignment  procedures.  Paragraph  6  discusses  test  design,  range 

design,  instrumentation  selection  .and  analysis. 

*  *  * 

3.  Comparative  Analysis 

.  a.  A  new  weapon  system  has  been  subjected  to  reliability  test 
before  it  is  received  for  service  test.  It  is  assumed  that  in  these 
tests' the  new  weapon  system  did  exhibit  the  desired  reliability.  How¬ 
ever,  the  Infantry  Board  does  have  reliability  as  one  of  its  areas  of. 
responsibility;  and  if  the  new  weapon  system  is  shown  to  be  unreliable 
it  should  be  rejected.  This  is  not  to  say  that  other  measures  should 
not  be  gathered  and  analyzed,  because  if  other  indicator  variables  look 
good,  decisions  can  better  be  made  on  expenditures  to  cure  the  reliabil* 
ity  problem.  _  * 

•b.  If  a  weapon  system  passed  the  reliability  portion  of  a  service 
test,  the  next  most  important  consideration  is  whether  or  not  the 
weapon  system  can  hit  the  target.  Note  that  the  reliability  MOE  are 
not  acceptance.  MOE,  they  are  rejection  MOE.  It  is  assumed  that 
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engineering  tests  have  determined  the  probability  of  a  kill  given  a 
hit,  and  if  these  differ  for  the  weapon  systems  -under  test  they  should 
be  merged  with  the  hit  probability  estimates.  The  hit  probability 
for  comparative  purposes  will  either  be  a  first-round-hit  proba¬ 
bility  or  an  engagement -hit  probability.  This  may  involve  comparing 
the  engagement-hit' probability  of  one  weapon  system  with  the  first- 
round-hir  probability  of  another  depending  on  the  rate  of  fire  capa¬ 
bilities  of  the  competing  systems.  See  figure  V-I. 

The  basis  for  comparison  will  be  engagement  hit  probability  where 
an  engagement  may  be  comprised  of  single  or  multiple  rounds.  If  the 
new  weapo n  system  is  a  subsonic  wire-guided  missile  then  its  first- 
round-hit  probability  will  be  compared  with  the  engagement-hit  proba¬ 
bility  of  the  standard  system.  It  is  assumed  that  the  standard  weapoh 
can  fire  more  than  one  rov\nd  in  the  same  time-  frame  that  the  test 
weapon  is  firing  one  round.  The  total  number  of  engagements  resulting 
in  a 'hit  will  be  divided  by  the  total  number  of  engagements  to  deter¬ 
mine  engagement  hit  probability.  This  sura  will  be  taken  over  the 
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sample  size  of  all  crews/soldiers  at  each  firing  range.  The  statisti¬ 
cal  treatment  of  the  two  probabilities  will  be  no  different  than  if 
one  crew/soldier  had  fired  all  the  rounds.  However,  it  must  be 
emphasized  that  one  crew/soldier  firing  all  the  rounds  is  most 
undesirable.  The  number  of  crews/soldiers  is  to  be  determined  as 
in  paragraph  (4)  p.  16.  Pooling  data  to  arrive  at  one  number  makes 
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it  even  more  important  to  use  adequate  population  representation 
in  both  numbers  and  characteristics.  The  statistical  comparison  will 
either  be  a  chi  square  or  t-test. 


/  It  is  assumed\ 

-  .-/that  the  weapon  \ 
\system  will  have 


first  shot  j 


-^£hesy  stem  %- 
react  to  the 
\  threat  by  more 
\than  one  ^ 
around 


First -round ~hit 
probability  is 
the  appropriate 
measure 


Engagemeht-hit 
probability ’ 
is  the 
appropriate 
- measure _ 


Compute  the  j 
engagement  hit 
for  each  crew  j 


X 

Can- x 

,>^the:  STD'  \ 

'  system  react 
sby  more  than  / 
^-one  round 


Compute  the 
I  first- round-hit 
.  probability  for 
[each  crew/sol diei 


The  correct  » 
comparative  r 
probability  is  ’  j 
now  derived  i 


Compute  the 
first -round- 
hit  probability 
for  each  crew 


Compare 
the  two 
probabilities 


Figure  V-I 


Compute  the  ! 
engagement r  i 
hit  probability  : 
for  each  crew  j 


j  The  correct 
,  comparative 
probability 
Lis  ,now_  derived 


\ V  * 


c.  If  a  comparison  of  the  engagement  hit  probability  fails  to 
produce  a  superior  weapon  then  either  a  responsiveness  or  sustaina¬ 
bility  analysis  is  in  order.  Sustainability  appeared  to  be  the  more 
appropriate  measure  in  testing  small  antis,  but  for  AT  weapon  systems 
responsiveness  appears  to  be  the  better  decision  category.  Sustain¬ 
ability  is  largely  a  function  of  the  carrier,  which  happens  to  be 
the  soldier  for  small  arms  but  for  antitank  weapons  it  may  be  some  ' 
type  of  vehicle.  Since  this  is  true  it  is  felt  that  a  test  of  sus¬ 
tainability  woul  tend  to  be  more  of  a  carrier  test  than  a  weapon  test. 
This  is  not  to  say  that  sustainability  should  not  be  considered-,  but 
evaluation  for  this  MOE  is'  likely  to  be  largely  subjective. 

The  MOE  that  measure  responsiveness  are  time  to  first  round,  time 
to .first  hit,  time  to  reload,  and  time  to  shift  fire.  Rather  than 
trying  to  separate  these  measures  on  a  basis  of  importance  another 
'  variable  will  be  introduced  which  encompasses  all  four.  This  variable 
is  time  to  hit  and  shift.  A  one-sided  t-test  will  be  used  to  analyze 
this  variable.  A  t-test  could  be  performed  at  each  range  having  dual 
targets  or  an  analysis  of  variance  could  be  performed  .over  all  ranges. 

-d.  The  measures:  miss  distance,  percent  of  basic  load,  vulnera¬ 
bility  factor,  movement  time,  emplacement  time,  percent  of  targets 
engaged,  and  time  to  clear  malfunctions  are  not  MOE  that  should  be 
disregarded  in  an  analysis  of  weapon  system  performance.  The  import- 
tance  q£  any  one  measure  is  largely  a  function  of  the  weapon  system 
being  tested  and  these  aspects  of  a  weapon  performance  should  be 


examined  for  possible  improvement  and  maybe  even  weapon  rejection, 
but  probably  not  be  used  as  a  basis  for  a  new  weapon  selection. 
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4.  Weapon  system  stability  can  he  measured  indirectly  with  time 
base  measures.  Time  to  hit  and  shift  is  a  measure  of  the  firer's 
ability  to  cope  with  recoil,  hold  the  sights  on  target  and  relay 
the  weapon.  This  measure  may  perhaps  be  too  broad  particularly  if 
causes  other  than  stability  resulted  in  a  long  time  gieasurcment  e,.g. 
a  long  reload  time  for  one  weapon  system.  Time  to  first  hit  is  a 
lower  level  MOE  that  has  potential  as  a  measure  of  stability.  This 
measure  would  tend  to  measure  a  gunner's  ability  to  keep  a  wire  guided 
missile,  in  particular,  on  target.  If  sighting  problems,  unrelated’ 
to  stability  exist,  then  time  to  first  round  would  yield  the  cleanest 
numerical  measure  of  stability.  This  MOE  would. measure  the  gunner's 
ability  to  track  a  target.  Judgement  will  have  to  enter  into  the  MOE 
selection  since  unrelated  characteristics  will  have  to  be  largely  a  mat 
.  ter  of  expert  opinion. 


